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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
Length
inch (in) 254 centimeter
inch (in) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
section (640 acres or 1 square mile) 259.0 square hectometer
square mile (mi?) 259.0 hectare
square mile (mi?) 2.590 sguare kilometer
Volume
galon (ga) 3.785 liter
galon (ga) 0.003785 cubic meter
acre-foot (acre-ft) 1,233 cubic meter
Flow rate
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Radioactivity

picocurie per liter (pCi/L)

0.037

becquerel per liter

Gravity

feet per second per second [(ft/s)/g])

0.3048

meter per second per second

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

ABBREVIATED WATER-QUALITY UNITS

°F=(1.8°C)+32

Chemical concentration and water temperature are given only in metric units. Chemical concentration in water isgivenin
milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the solute mass
(milligrams) per unit volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter.

For concentrations less than 7,000 milligrams per liter, the numerical valueis about the same as for concentrations in parts per
million. Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25°C). Radioactivity is
expressed in picocuries per liter (pCi/L) or picocuries per gram (pCi/g), which is the amount of radioactive decay producing
2.2 disintegrations per minute in aunit volume (liter) of water or mass (gram) of sediment.

VERTICAL DATUM

Sea level: Inthisreport, “sealevel” refersto the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic
datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called
Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sealevel.
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The well numbers used by the U.S. Geologica Survey in Arizona are in accordance with the Bureau of Land Management's system
of land subdivision. The land survey in Arizonais based on the Gila and Salt River meridian and base line, which divide the
State into four quadrants and are designated by capital letters A, B, C, and D in a counterclockwise direction beginning in the
northeast quarter. The first digit of a well number indicates the township, the second the range, and the third the section in which
the well is situated. The lowercase |etters a, b, ¢, and d after the section number indicate the well location within the section.
The first letter denotes a particular 160-acre tract, the second the 40-acre tract and the third the 10-acre tract. These letters also
are assigned in a counterclockwise direction beginning in the northeast quarter. If the location is known within the 10-acre tract,
three lowercase |etters are shown in the well number. Where more than one well is within a 10-acre tract, consecutive numbers
beginning with 1 are added as suffixes. In the example shown, well number (A—14-05)19cda designates the well as being in the
SWY4, SE1/4, NEY/4, section 19, Township 14 North, and Range 5 East.
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In the Navajo Reservation, where public land surveys have not been made, the local identifier is a filed number that consists of
three parts. The first part is formed from the Bureau of Indian Affairs (BIA) district number. The second part is the 15-minute
guadrangle number also assigned by the BIA. The third part is the quadrangle location number and indicates the position of a
site within a 15-minute quadrangle and consists of two parts. The first part is the distance in miles west of the northeast corner
of the quadrangle, and the second part is the distance in miles south of the northeast corner of the quadrangle.
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Hydrogeologic Data for the Coconino Plateau and Adjacent Areas,
Coconino and Yavapai Counties, Arizona

By Donald J. Bills and Marilyn E. Flynn

Abstract

Data on geology, topography, hydrology, climate, land use, and vegetation were compiled between
October 2000 and September 2001 and assembled into a database for use by local and regional water-
resource managers and for future water-resource investigations. The hydrologic data include information
on wells, springs, streamflow, water chemistry, and water use. Limitations of the data and additional data
needs also were prepared. The roughly 5,000-square-mile Coconino Plateau contains a complex regional
aquifer that has become increasingly important as a source of water supply for domestic, municipal, and
in-stream uses owing to population growth and development. The flow characteristics of the regional
aquifer are poorly understood because the aquifer is deeply buried, which limits exploratory drilling and
testing, and because the geol ogi ¢ structure, which controls the occurrence and movement of ground weter,

iscomplex. The study areais about 10,300 square miles and, besides containing the entire Coconino
Plateau, includes parts of adjacent areas where ground water from the Coconino Plateau discharges.
Selected data are presented in tabular or graphical form. All data are available in electronic form.

INTRODUCTION

The water resources of the Coconino Plateau in
northern Arizona are under increasing pressure from
development. The population of thisarid region
continues to grow, and the number of visitors to most
of the numerous national and state parks and
monuments in the region continues to increase each
year. About 4.5 to 4.9 million people have visited
Grand Canyon National Park (GCNP) each year since
1995 (Ghioto, 2001). Residents, local and tribal
governments, facilities managers, Federa interests, and
environmental groups within the region recognize the
potential consegquences of increased water devel opment
attendant to population growth. Public input has

identified the sustainability, protection, and
maintenance of springs and seeps and associated
riparian habitat on the Coconino Plateau as major
issues that have broad support. Concerns about the
effects of water development on regional springs,
surface-water and riparian resources, and the
availability and sustainability of regional water
supplies have led to the organization of several action
groups.

Regional stakeholders agree that an improved
understanding of the regional hydrogeologic systemis
needed to address the concerns of water supply and
ground-water sustainability. Such an understanding
requires a base of information that adequately
describes the system. That base of information
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currently does not exist for the Coconino Plateau.
Hydrogeol ogic data are most abundant in the vicinity
of large population centers like Flagstaff and Sedona,
but are sparsein less populated areas like Williams,
Tusayan, Valle, and Cameron. Basic geologic or
hydrologic information is nonexistent for large parts of
the Coconino Plateau. In order to devel op a conceptual
hydrogeol ogic framework for the Coconino Plateau, a
comprehensive effort was needed to compile existing
data, collect additional data where available, and
identify data gaps. The hydrogeologic datain this
report will provide critical information for interested
water users on the Coconino Plateau. This study also
will provide information on the amount and variability
of flow in discharge areas of the regional aquifer that
support riparian habitat. The compilation of these data
and the formulation of a comprehensive database will
alow for effective follow-up studies.

Thisstudy was done by the U.S. Geological Survey
(USGS) in cooperation with the City of Williams.
Partial funding of thisinvestigation was provided to the
City of Williams through a grant from the Arizona
Water Protection Fund Commission (AWPFC). The
views and findings of this report do not necessarily
represent those of the AWPFC nor the Arizona
Department of Water Resources (ADWR). A USGS
study of the Coconino Plateau that is part of the ADWR
Rural Watershed Initiative (RwWI) will be one of the
main benefactors. Through the RWI study, the database
will be expanded and refined, and the information
developed will be used to complete conceptual and
interpretive models for the water-resource systems on
the Coconino Plateau.

The hydrogeol ogic data contained in this
report and additional datafrom this study are
available in electronic form and may be obtained
from the USGS office in Tucson, Arizona, or online
at http://az.water.usgs.gov.

Purpose and Scope

This report presents basic hydrogeol ogic data that
could be used to describe the hydrogeol ogic framework
and ground-water flow systems of the Coconino
Plateau. Existing hydrogeol ogic data were compiled
from October 2000 to September 2001. Data are
provided on climate, geology, topography, hydrology,
land use, vegetation, and water use. The hydrologic
datainclude information on wells, springs, streamflow,

water chemistry, and water use. Limitations of the data
and types of additional datathat would be helpful for
follow-up studies also are discussed. Selected data are
presented in graphical form. All hydrologic data are
availablein tabular form at the end of the report
(tables 1-7).

Methods of Investigation

Existing data were identified, inventoried, and
compiled. Areal dataincluded climate, geology,
topography, hydrology, land use, vegetation, water use,
aerial photography, and remotely sensed imagery.

Remotely sensed data such as digital elevation
data, satellite and aerial photography, and gravity and
aeromagnetic surveys can be useful toolsfor evaluating
the physiography of an area asit relates to the
occurrence and distribution of water resources, land
use, and vegetation types and patterns. The 7.5-minute
digital elevation model (DEM) provides the same
coverage as a standard USGS 7.5-minute quadrangle
with comparable resolution. DEMs are useful for
evaluating the natural features of the landscape and
possible geologic structures that can influence the
occurrence of water resources.

Point data include the locations of wells and
springs, well construction and spring devel opment
data, well logs, aquifer properties, water usage, water
chemistry, water temperature, water levels, air
temperature, precipitation, and stratigraphy. Selected
new wells and other holes of opportunity were
inventoried where accessible. In addition,

12 unsurveyed springs identified from maps were
inventoried to further supplement the database.
Streamflow data also were compiled where available.
Regiona geology, hypsography, aerial photography,
and remotely sensed data will facilitate the evaluation
of topographic and geologic structural controls on the
boundaries of the hydrogeologic flow system. Climate,
land-use, vegetation, and water-use data can be used to
evaluate recharge and discharge components of the
ground-water systems and to establish the boundaries
of riparian zones that could be affected by
development. Well and spring data provide information
necessary for determining the occurrence and
movement of ground water.

Datawere obtained from Federal, State, tribal, and
municipal databases; from university theses; reports
and data of private consultants; from private
|andowners; and from USGS field observations
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(table 1). USGS databases include the National Water
Information System (NWIS); the Earth Resources
Observations Systems National Elevation Dataset,
National Aerial Photograph Program, and National
Land Cover Characterization Project; and the National
Biological Information Infrastructure Project.
Additional spatial data are from the USGS National
Geophysical Data grids (Phillips and others, 1993).
Other Federal databases were those of the National
Weather Service, National Park Service (NPS), and
Forest Service. State databases were those of the
Arizona Department of Water Resources (Ground-
Water Site Inventory; GWSI), the Arizona Geological
Survey (AGS), and the Arizona State Land Department
(ASLD). Thetribal database was that of the Havasupai
Tribe. Municipal databases were those of the cities of
Flagstaff and Williams and the towns of Valle and
Tusayan. University theses were those from Northern
Arizona University (NAU) and the University of
Nevada, Las Vegas (UNLV). All dataacquired for this
project are to be incorporated into aregional database
that includes data devel oped for hydrogeol ogic
investigationsin adjacent areasto the south (Parker and
Flynn, 2000; Woodhouse and others, 2002). Spatial
components of the data are to be used to build
geographic information system datafiles and coverages
that will facilitate the evaluation of data suitability for
the development of conceptual hydrogeologic
framework information.

Selected wells and selected unsurveyed springs
inventoried for this study were located using maps and
the Differential Global Positioning System to obtain
precise location and altitude data. All available well-
log, construction, development, pump or aquifer test,
and water-chemistry data were obtained for the wells.
All available lithologic, development, discharge,
physical characteristic, and water-chemistry data were
obtained for the springs.

Activities of this study were coordinated with
activities of other groups when possible to optimize
data collection, reduce duplicated efforts, and share
data with groups that are compiling information for the
North-Central Arizona Regional Water Study. The
North-Central Arizona Regional Water Study isa
group of Federal, State, tribal, municipal, local, and
environmental agencies that are concerned about
ground-water devel opment on the Coconino Plateau
and the attendant demand for water. This group has

organized to facilitate studies on growth, devel opment,
water demand, and water supply. Some of the other
water studies currently in progress by stakeholders of
the North-Central Arizona Regional Water Study
include: (1) recent Havasupai tribal spring inventories
(Tom Crouch, hydrologist, Natural Resources
Consulting Engineers, written commun., 2000),

(2) ongoing NPS/AWPFC and NPS/USGS inventories
of water resources on the south rim of Grand Canyon
(John Rihs, hydrologist, NPS, written commun., 2000),
(3) Forest Service inventory of springs (John Ward,
hydrologist, Hydro Geo Chem, Inc., written commun.,
2001), (4) USGS evaluation of water resourcesin
adjacent basins as part of the RWI (Parker and Flynn,
2000; Woodhouse and others, 2002) and (5) current
academic research on water resources of the Coconino
Plateau and south rim of Grand Canyon (A.E. Springer,
Ph.D., professor, Northern Arizona University, oral
commun., 2000, and Dave Kreamer, Ph.D., professor,
University of Nevada, Las Vegas, written commun.,
2000).

All well and spring data from the data inventory
and compilation were reviewed for completeness and
consistency and were examined for accuracy, precision,
redundancy, and errors. Well and spring information
with errors or questionable data were flagged for field
verification at alater date as part of the RWI study. In
addition, newly drilled wells, other holes of
opportunity, and accessible unsurveyed springs were
field inventoried and evaluated. Asthe datawere
refined they were loaded into the USGS NWIS
database and are now available online. The database
developed through this study represents the core of
information needed by the RWI study of the water
resources of the Coconino Plateau. As part of the RWI
study, questionable data and additional data needs
identified by this study areto be resolved, and al data
are to be evaluated to develop conceptual, water
budget, and framework models of the Coconino
Plateau. These data are to be used in the construction of
conceptual and interpretive models that may be used to
address issues about the sustainability of water
resources in the area.
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DESCRIPTION OF THE STUDY AREA

The Coconino Plateau is a subprovince of the
Colorado Plateau in north-central Arizona, south of the
Colorado River (fig. 2; Billingsley and Hendricks,
1989). The study area encompasses about
10,300 square miles, including all of the Coconino
Plateau and parts of the Little Colorado River and
Verde River Basins. The boundaries of the study area
are defined by the Colorado River to the north, the
Aubrey Fault to the west, the Verde River and Wet
Beaver Creek to the south, and the Echo Cliffs
Monocline and western edge of the Black Mesa Basin
to the east (figs. 1 and 2). These features define the
preliminary hydrogeol ogic boundaries of the study area
and represent physical controls on the occurrence and
movement of surface-water and ground-water
resources on aregional scale. The main area of focus
for this study isthe Coconino Plateau.

Physical Features and Climate

The Coconino Plateau, about 5,000 square milesin
area, is a Cenozoic aged, upland, physiographic
province composed of athick sequence of nearly flat-
lying Paleozoic and younger consolidated sedimentary
rocks exposed at the south rim of Grand Canyon
(Billingsley and Hendricks, 1989; Beus and Morales,
1990). Erosion of these sediments on the plateau has
exposed a land surface characterized by a complex
series of low relief hills and mesas with broad mature
valleys.

The hydrogeol ogic framework of the Coconino
Plateau is defined largely by the geology and geologic
structure (figs. 2 and 3). To the north the Colorado
River has exposed a nearly 5,000-ft-thick sequence of
Precambrian to Paleozoic rocks. The Precambrian
rocks are granite, metamorphosed granite, schist, and
gneiss exposed in deeply incised canyons tributary to
the Colorado River (Beus and Morales, 1990) and at
the upper end of Big Chino Wash (Reynolds, 1988).
The Precambrian rocks have low permeability and are
considered abasal confining layer to ground-water
systems on the Coconino Plateau (Metzger, 1961;
Twenter and Metzger, 1963; Bills and others, 2000).
The Paleozoic rocks are sandstone, siltstone, shale, and
limestone and range in age from early Cambrian to
Permian. These rocks underlie almost the entire area
and are exposed in deep canyons along the Colorado
River to the north (Beus and Moraes, 1990) and the
Mogollon Escarpment (Rim) to the south (Twenter and

Metzger, 1963). The Paleozoic rocks contain most of
the principal ground-water flow systems that occur on
the Coconino Plateau (Metzger, 1961; Twenter and
Metzger, 1963; McGavock and others, 1986; Bills and
others, 2000). The Permian Kaibab Formation forms
the bedrock surface over much of the Coconino Plateau
(Reynolds, 1988). In places, erosiona remnants of the
Triassic Moenkopi Formation dot the landscape as low
mesas and hills (McGavock and others, 1986;
Reynolds, 1988). Many valleys formed on the Kaibab
Formation erosional surface have been filled with
Cenozoic gravel and lacustrine deposits to depths of
100 ft or more (Billingsley and others, 2000). Cenozoic
travertine is notable in some of the larger drainages.
Travertine is till being deposited in Havasu Creek and
the Little Colorado River (Cooley, 1976; Marx, 1995).
On the southwestern part of the Coconino Plateau, the
Paleozoic rocks are overlain by Triassic and younger
sedimentary rocks, which are overlain in places by
volcanic rocks of the Mt. Floyd and San Francisco
Peaks Vol canic Fields (Billingsley and Hendricks,
1989).

The most notable structural features of the
Coconino Plateau are the Havasu Downwarp, the
Kaibab Monocline, the Mesa Butte Fault, the
San Francisco Volcanic Field, the Aubrey Cliffs, the
Mogollon Escarpment, and breccia pipes (figs. 1
and 2). The Havasu Downwarp is a structural trough
that trends northwest to southeast down the axis of the
Cataract Creek drainage. The trough is the result of
regional compression during the Laramide orogeny that
also was responsible for the broad regional uplift of the
plateau (Krantz, 1989). The areais still seismically
active (Fellows, 2000). There are also severa
topographically closed basins within the study area
(fig. 1). These closed basins are thought to be related to
till-active crustal extension occurring in the area, or to
young karst development (Billingsley and others,
2000), and could significantly influence the ground-
water flow systems. Much of the eastern edge of the
Coconino Plateau is defined by a series of parallel to
subparallel monoclines and faults falling off to the east
(Metzger, 1961; Cooley and others, 1969; and Cooley,
1976). The most prominent of these are the East
Kaibab Monocline, the Mesa Butte Fault, and the Echo
Cliffs Monocline that have a combined relief of more
than 3,000 ft (figs. 2 and 3). The Mesa Butte Fault that
trends northeast-southwest is an extension of the East
Kaibab Monaocline at the eastern edge of the Kaibab
Uplift (Shoemaker and others, 1978). This structure
isLaramidein origin and is a principal structural
feature at the eastern edge of the Coconino Plateau.

4 Characterization of Hydraulic Conductivity of the Alluvium and Basin Fill, Pinal Creek Basin near Globe, Arizona
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features, Coconino Plateau, Arizona.
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Figure 3. Generalized stratigraphic section and cross section of the Coconino Plateau, Arizona.
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SURFICIAL DEPOSITS; VERDE FORMATION

SEDIMENTARY ROCKS—Kaibab Formation, Toroweap Formation,
and Coconino Sandstone on the Colorado Plateau

SEDIMENTARY ROCKS—Schnebly Hill Formation, Hermit Formation,
and Supai Group

SEDIMENTARY ROCKS—Redwall Limestone, Muav Limestone, Temple
Butte (Martin) Formation, Bright Angel Shale, and Tapeats Sandstone

FAULT—Arrows indicate direction of movement
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The San Francisco Volcanic Field covers most of the
southern third of the Coconino Plateau stretching from
Bill Williams Mountain in the west to San Francisco
Mountain in the east. The volcanic field isfrom 6.0 to
0.05 million years old with alinear age trend from west
to east (Nealey and Sheridan, 1989). The Aubrey Cliffs
are the surface expression of the normal Aubrey Fault.
The sedimentary rocks on the east side of the fault are
uplifted 500 ft, exposing parts of the Hermit Shale and
Upper Supai Formation at the base of the cliffs
(Billingsley and others, 2000). South of and partly
obscured by the San Francisco Volcanic Field isthe
Mogollon Escarpment, which exposes more than
3,000 ft of the Paleozoic and younger rock units at the
southern edge of the study area above the Verde River
Valley (Pierce, 1984) and trends northwest-southeast.
Breccia pipes are solution collapse features that bottom
in the Redwall Limestone and stoop upward and
number in the hundreds throughout the Coconino
Plateau (Billingsley and others, 2000). Because of the
small size and large number of these features, they are
not shown on any of theillustrationsin this report.
Breccia pipes are significant features, however, owing
to their relation to ground-water movement and to
secondary mineralization, which may influence water
chemistry (Wenrich and others, 1994).

Drainages on the Coconino Plateau are either
immature, mature, or internal (fig. 1). Most of the
immature drainages are at the margins of the Coconino
Plateau and drain north toward the Colorado River or
south toward the Verde River. These immature
drainages are short and steep and tend to be deeply
incised into the sedimentary rocks. Springs exist along
these drainages where the channels intersect the water
table or a perched water-bearing zone. The only
drainages that have the appearance of mature river
valleys are the Little Colorado River, Cataract Creek,
and the Verde River. These drainages have large, well-
developed tributary drainage patterns that reach most
parts of the Coconino Plateau (fig. 1). Some internal
drainage on the Coconino Plateau occursin
topographically closed basins.

Altitude and climate are strongly correlated within
the study area (figs. 4 and 5; McGavock and others,
1986; Billsand others, 2000). Altitude within the study
arearanges from 12,633 ft at the top of San Francisco
Mountain to 1,730 ft at the confluence of National
Canyon and the Colorado River. Altitudes along the
upper and middle Verde River range from about 3,500
to 4,400 ft. The Coconino Plateau in north-central

Arizonais dominated by a high, desert-type
environment with islands of alpine environments at the
higher atitudes. The average annual temperature
ranges from 43°F at Fort Valley on the southwest flank
of San Francisco Mountain to 68°F at Phantom Ranch
at the bottom of Grand Canyon (Sellers and others,
1985). The average annual precipitation ranges from
5.5in. at Cameron at the eastern edge of the areato
27.7in. a Junipine (Sellers and others, 1985).
Precipitation is strongly correlated to altitude;
generally lessthan 15 in. per year falls at altitudes
below 5,000 ft, and more than 25 in. per year falls at
atitudes above 7,000 ft (fig. 5; McGavock and others,
1986; Bills and others, 2000).

Ponderosa pineforest with pifion and juniper pines,
aspen, and oak is the primary vegetation type at higher
atitudes. Vegetation at lower altitudesis mostly sparse
grasses, brush, and other high desert species. Riparian
habitat consisting of a diverse mixture of cottonwood,
ash, and sycamore with mixed brush and grass occurs
throughout the Coconino Plateau at springs, seeps, and
aong short stream segments fed by springs (Metzger,
1961; Bills and others, 2000).

Population Growth and Land Use

Over the past decade, the rate of population growth
and development on the Coconino Plateau has been
equal to and in some cases exceeded that for the rest of
the State of Arizona (Kasindorf and McMahon,
accessed April 24, 2001). The population of the study
areaincreased 20 percent from 1990 to 2000 and is
currently about 78,000; about 80 percent livein the
Flagstaff area (U.S. Census Bureau, accessed April 24,
2001). About 5 percent of the population lives at the
western end of the Navagjo Reservation and on the
Havasupai Reservation. The remainder of the
population livesin smaller population centers, such as
Williams, Valle, Tusayan, Grand Canyon Village, and
Parks, and in rural areas throughout the study area.
The Verde Valley area south of the Mogollon
Escarpment was one of the fastest growing rural areas
in the United States in 1999 (Woods and Poole
Economics, Inc., 1999), and the population is projected
to more than double by 2050.

In addition, northern Arizona attracts millions of
visitors each year to one of the largest concentrations of
national parks and monuments in the western United
States (Ghioto, 2001). Chief among theseis GCNP,
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Figure 4 Average annual precipitation at selected precipitation stations on the Coconino Plateau, Arizona.
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which is designated a World Heritage Site and is one of
the seven natural wonders of the world (National Park
Service, accessed April 2001). Although GCNP
vigitation fluctuates, the average rate has increased
annually by about 6 percent since 1985, and at |east
90 percent of this visitation occurs at the south rim of
Grand Canyon (Ghioto, 2001).

The study areaincludes multiple jurisdictions
including the Kaibab and Coconino National Forests,
GCNP, the Havasupai Indian Reservation, the Navgjo
Indian Reservation, Navajo and Hopi Tribal trust lands,
State of Arizonatrust land, and private ownership.
According to the Arizona State Land Department
(1998), about 42 percent of the land in the study areais
federally owned as national forests, parks, and
monuments. About 20 percent of theland isincludedin
Indian reservations or native trust lands, and 38 percent
is about evenly split between State trust and privately
owned lands. The water-demand and water-supply
issues of these different jurisdictional areas are the
principal reason for the current interest in the
availability and sustainability of regiona water
resources.

Water Resources

Ground-water resources consist of several perched
water-bearing zones, aregionally extensive aquifer, and
alimestone aquifer (fig. 3B). The extent of these
ground-water systemsis not fully defined, and thereis
little information to determine movement of water from
source areas into and through the different water-
bearing zones to discharge areas. There are few
perennial streamsin the study area, but many short
perennial reaches are supported by ground-water
discharge (McGavock and others, 1986). Flow and
chemistry information exists only for the larger
perennial streams.

Perched water-bearing zones provided some of the
first water suppliesin the study area. The first
successful wellsdrilled in the area were shallow wells
completed in perched water-bearing zones near the
larger communities and ranches (Harshbarger and
Associates and John Carollo Engineers, 1972). Some
of the original water suppliesin the mid- to late 1800s
were afew small, perched-aquifer springs close to the
developing cities of Flagstaff and Williams (Bills and
others, 2000; Dennis Dalbeck, city manager, City of
Williams, oral commun., 2000). Springs along the
south rim of Grand Canyon also were used to support
tourism and mining in the late 1800s and early 1900s
(Billingsley and others, 1997; and John Rihs,
hydrologist, oral commun., 2001). Ground water

discharges from perched water-bearing zones in
aluvium, the Kaibab Formation, the Coconino
Sandstone, and the Upper and Middle Supai
Formations throughout the interior of the Coconino
Plateau (fig. 6). Most of these perched water-bearing
zones are small, discontinuous, and yield only small
amounts of water; thus, their use as sources of water
supply islimited (Metzger, 1961; McGavock and
others, 1986). Many springs and seeps aso occur inthe
higher altitudes of the Coconino Plateau where they
emit from perched water-bearing zones in aluvium,
volcanic rocks, and consolidated sediments
(McGavock and others, 1986; Bills and others, 2000).

Aswater use in the area began to exceed these less
dependable near-surface water resources, exploratory
drilling led to the discovery of ground water in the
Paleozoic sandstones that underlie the study area
(Harshbarger and Associates and John Carollo
Engineers, 1972). The first municipal supply wells,
drilled into what was then called the Coconino aquifer,
were developed in the 1950s. The regional aquifer asit
is currently defined (Bills and others, 2000) consists of
hydraulically connected water-bearing zones in the
Kaibab Formation, Coconino Sandstone, Schnebly Hill
Formation, and sandstone units in the Upper and
Middle Supai Formations. Several investigators have
suggested that drainage from the regional aguifer to an
underlying limestone aquifer in the northern part of the
study areais related to geologic structure (Cooley and
others, 1969; McGavock and others, 1986; Bills and
others, 2000).

This limestone aquifer is composed of water-
bearing zones in the Redwall and Muav Limestones
and in the Temple Butte (Martin) Formation and
Devonian Limestones where present (Metzger, 1961,
Cooley and others, 1969). The first successful well
completed in water-bearing zones of the limestone
aquifer (the Redwall and Muav Limestones) was a test
well for the City of Flagstaff drilled in 1981 to atotal
depth of about 3,400 ft (Montgomery, 1981). Since
then, 10 water wells have been drilled into the Redwall
and Muav Limestones at similar depths for public
supply, commercial development, or industrial use on
the Coconino Plateau. Little is currently known about
the yield of these newer wells or the hydraulic
characteristics of the limestone aquifer in proximity of
these wells. Depth to water in the limestone aquifer is
greater than 3,000 ft below land surface in most of the
study area.
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Springs have been used and developed as an
important source of water supply in the study area
since antiquity (Roland Manakaja, Director, Havasupai
Natural Resources Department, oral commun., 2001;
Paul Whitefield, Natural Resources Specialist, Wupatki
National Monument, oral commun., 2001). South rim
springs, springsin the Havasu Creek Basin, and other
springs throughout the Coconino Plateau have been and
continue to be important physical and cultural
resources for the native people of the region (Kaibab
National Forest, 1999). Locally, large and small springs
supply water for livestock, wildlife, and riparian
habitat. Regionally, larger springs provide base flow in
streams and are used for public supply, agriculture, and
recreation (McGavock and others, 1986). Blue Spring,
Havasu Spring, Indian Garden, Hermit Spring, and at
least 30 other springs at the north end of the study area
emit from water-bearing zones in the Redwall and
Muav Limestones into tributary canyons of Grand
Canyon that are about 3,000 ft below the mean altitude
of the Coconino Plateau. Other springs emit from
water-bearing zones in the Upper and Middle Supai
Formations and in the Redwall and Muav Limestones
that are exposed in drainages flowing south from the
Mogollon Escarpment into the Verde Valley, such as
Oak Creek Canyon, Sycamore Canyon, and Hell
Canyon (Twenter and Metzger, 1963).

Surface-water resources of the Coconino Plateau
also are an important part of the natural environment of
the study area. The perennial Colorado and Verde
Rivers bound and drain the Coconino Plateau to the
north and south, respectively. The only other perennial
streams of significant length are the lower 13 mi of the
Little Colorado River; Havasu Creek, downstream from
Havasu Spring; and Oak Creek. All other drainagesin
the area are ephemeral; afew short perennial reaches
are supported by spring discharge (fig. 1).

Errol L. Montgomery and Associates (1999) have
evaluated avail able ground-water data for alarge part
of the study area and developed a two-dimensional
ground-water flow model to estimate potential effects
of ground-water withdrawal for the Tusayan Growth
Environmental Impact Statement. Their report
indicates a direct relation between ground-water
pumping and spring flows in areas where ground water
discharges from the regional aguifer in the northern
part of the plateau. Wilson (2000) used a geologic
framework model and three-dimensional ground-water
flow model to delineate capture zones for three of the
major spring areas along the south rim of Grand

Canyon. Additional work isin progress by NAU, the
Havasupal Tribe, the USGS, and the NPS. NAU is
conducting studies to define spring discharge along the
south rim of Grand Canyon and delineate additional
capture zones for these spring areas (A.E. Springer,
Ph.D., professor, Northern Arizona University, oral
commun., 2000). The Havasupai Tribe has inventoried
springs on the Havasupai Indian Reservation and
adjacent areas and continues to collect water-resources
data (Natural Resources Consulting Engineers, Inc.,
1999, 2000). The USGS and the NPS monitor selected
springs and are in the process of inventorying and
measuring flow at all springs aong the south rim of
Grand Canyon (S.A. Monroe, hydrologic technician,
U.S. Geological Survey, oral commun., 2000).

AVAILABLE DATA

Existing hydrogeol ogic data were compiled from
October 2000 through September 2001 for this report.
These data include information on climate, geology,
ground water, surface water, water chemistry, land use,
vegetation, and water use (tables 2—7; figs. 2-11).
Some new wells and unsurveyed springs also were
inventoried as part of this data compilation. These data
are from deep wells drilled in the Williams and
Fagstaff areas and from selected unsurveyed springs
along the south rim of Grand Canyon. Climate, ground-
water, surface-water, water-chemistry, and water-use
data are provided at the end of this report and are
available in electronic form from the USGS District
officein Tucson, Arizona. Geology, land-use, and
vegetation data are in maps in digital and paper form
derived from remote-sensing techniques and standard
geologic mapping. New data will be added to this base
of information as the study continues, as part of the
Arizona RWI, to further define the hydrogeol ogic
framework of the Coconino Plateau.

Climate Data

Most of the climate data available for the study
areawere obtained from the National Weather Service.
There are 36 reporting stations within the study area,
and 17 of those are currently active (fig. 1, table 6).
The period of record for these sites rangesfrom 3 years
at the Bellmont National Weather Service Office near
Flagstaff to 89 years at Fort Valley northwest of
Fagstaff. Recorded temperature and precipitation data
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areavailablefor al the sitesin the study area. Recorded
evaporation data are available for only one site (Grand
Canyon NP2). The distribution of sites throughout the
study areaisfair; the poorest data availability isin the
northwestern part. Most sites have adequate periods of
record for statistical analysis. Annual recorded
precipitation and average annual precipitation for
selected sites are shown on figure 4.

Additional precipitation data were obtained from a
statistical-geographical approach model developed at
Oregon State University caled PRISM (Parameter-
Elevation Regressions on Independent Slopes Model,
fig. 5; Daly and others, 1994, Precipitation data for
Arizona, accessed March 26, 2001, at
http://www.ocs.orst.edu/prism/state_products/
az_maps.html). PRISM uses DEM data that contain
information describing the Earth’s topography (sl opes,
aspects, and elevations) and observed precipitation
measurements to determine variations in precipitation
asafunction of elevation (Daly and others, 1994).
PRISM uses aregression model to extend point data
from weather stations to the entire area of interest.
These estimates are derived from a horizontal grid and
are compatible for use in geographic information
systems.

Geologic Data

The general geology and geologic structure of the
region is known or inferred from more detailed
geologic investigations in adjacent areas (Cooley and
others, 1969; Ulrich and others, 1984; Wolfe and
others, 1987; Nealey and Sheridan, 1989; Newhall and
others, 1987; Huntoon and others, 1986; Huntoon and
others, 1981, 1982; Wenrich and others, 1997;
Billingsley and others 2000). The level of detailed
geologic information found in these adjacent areas,
however, is generally lacking for large parts of the
Coconino Plateau (fig. 2; Reynolds, 1988).

Geology and structural information in sufficient
detail (minimally 1:100,000 scal€) are important
components of a hydrogeologic framework analysis.
Some parts of the Havasu Basin, the Coconino Plateau
west of Cameron, and the Bill Williams Mountain area
have yet to be mapped at thisscale. The USGS is
currently mapping areas between Grand Canyon and
Williams, and between Grand Canyon and Flagstaff
(George Billingsley, geologist, U.S. Geologica Survey,
written commun., 2001).

Ground-Water Data

Well Data

Types and sources of existing well data collected
and compiled for thisreport are summarized in table 1,
and well locations and selected hydrographs are shown
on figure 6. The database created for this study has
information on 1,767 wells. The USGS NWIS database
contains information on 1,408 of those wells. The next
largest source of information isthe ADWR GWSI
database that contains information on 360 wells not
aready in the USGS NWI S database (Arizona
Department of Water Resources, 2001). Other sources
of well information for this study are NPS and Forest
Service databases and information from private well
owners, tribal well data (National Resources
Consulting Engineers, Inc., 1999, 2000), and datafrom
NAU and UNLYV thesis studies (Goings, 1985;
Zukosky, 1995; Fitzgerald, 1996; and Wilson, 2000).
Table 2 presents general information on the wells,
including location, total depth, depth to water, well
design, and whether borehole logs or additional
information are available. Well depthsrange from afew
feet to 6,500 ft below land surface, and well yields
range from less than 1 to 1,293 gallons per minute
(gpm; table 2). Figure 6 shows the location of wellson
the Coconino Plateau and the location and temporal
trends of water levelsin selected wells. The criteriafor
selection of these observation wells were well
construction and design and access for water-level
measurements. Additional wellsin areaswhere dataare
sparsewill be used as observation wells as they become
available and access is obtained.

Spring Data

Of the 295 springs mapped in the study area, 164
have been inventoried with reliable information on
location, geologic unit, flow rate, and water chemistry.
The USGS NWIS database contains, at a minimum,
locational information on 188 springs. The next largest
source of information is the Havasupai tribal data,
which cover reservation springs. Other sources of
spring information for this study arethe ADWR GWSI,
Forest Service, and the NPS databases, and information
from private and academic sources (table 1). Spring
locations are shown on figure 6. Spring flows range
from less than 1 to more than 48,000 gpm (Blue
Spring; table 2).
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Surface-Water Data

Streamflow data are available for 66 streamflow
sites within the study area (fig. 1, table 3). Of these,
29 are continuous-record sites for flow with periods of
record that range from 2 to 59 years, and 13 of these
were active in the 2001 water year (October 2000 to
September 2001). Figure 7 shows discharge at selected
streamflow-gaging stations for the 2000 water year.

Peak-flow and partial-record discharge data were
obtained for 32 sites within the study area; 4 of these
are active sites. Most of thisinformation is collected
aong the larger perennia streamsin the area and near
population centers such as the City of Flagstaff. There
are few if any data available on flow and basin
characteristics for many of the ephemeral streams and
for topographically closed basins within the study area.

Water-Chemistry Data

The water-chemistry data include information for
22 streams, 156 springs, and 420 wells (table 4). The
sources for these data are the USGS, the NPS, NAU
and UNLYV theses, and the Havasupai Tribe. Of
1,364 water samples analyzed, 1,090 were analyzed
only for mgjor cations and anions; 610 were analyzed
for nutrients; 365 were analyzed for trace elements;
and 120 were analyzed for radionuclides or isotopes.

Water chemistry is varied throughout the study
area. Specific conductance values range from 8.0 to
20,200 puS/cm, and dissolved solids range from 31 to
12,400 mg/L. Alkalinity ranges from 26 to 483 mg/L,
and pH ranges from 5.8 to 10.8. In 264 of the samples,
some major ions, nutrients, trace elements, and
radionuclides exceeded the U.S. Environmental
Protection Agency (USEPA) Maximum Contaminant
Levels (MCLSs) or Secondary Maximum Contaminant
Levels (SMCLs) for drinking water. Table 5 shows the
constituents that exceeded USEPA MCLsor SMCLs at
selected wells, springs, and surface-water sites.

Remotely Sensed Data

Digital elevation data with aresolution of one arc-
second (about 30 meters) were obtained from the Earth
Resources Observations Systems Data Center as part of
the National Elevation Dataset (U.S. Geological
Survey, 2001g; fig. 8).

The entire study areaisimaged with Landsat 7
Thematic Mapper (TM) data. The Landsat 7 TM
satellite collects radiation data in seven

electromagnetic spectral bands. Bands 1, 4, and 7
record datain the near and middle infrared parts of the
spectrum (fig. 9). Bands 1, 2, and 3 record datain the
blue, green, and red parts of the visible spectrum

(fig. 10). These spectral band combinations were
selected owing to their ability to enhance surface
structural and vegetation information (Chavez and
others, 1996). The ground resolution of these datais
about 98.4 ft, but resampling provides a nominal
resolution of about 10 ft. Landsat 7 TM data were
acquired for two time periods, June 1993 and June
2000 (U.S. Geological Survey, 2000), in order to
provide data for both wet and dry climatic conditions.
Asthe data are classified to relate colors to spectral
class and surface features, these images can be
qualitatively analyzed to determine conditionsin detail
for small areas.

Black and white aerial photographs also were
acquired for the entire study area. The photographs are
part of the National Aerial Photograph Program and
were taken during 1958 and 1972 (U.S. Geological
Survey, 2000). The scales of the photographs are
1:34,000 and 1:30,000, respectively, with a resolution
of about 6 ft. Satellite and aerial photography can be
used to determine land use, riparian areas, and geologic
structure. Aerial photography is being used to facilitate
ongoing geologic mapping in the study area (George
Billingsley, geologist, U.S. Geological Survey, oral
commun., 2001).

Gravity and aeromagnetic data for this study were
extracted from the national 2- and 3-km grids of the
USGS (fig. 11; Phillips and others, 1993) and
registered to topographic data for display of the
images. The gravity field of the Earth is equal to the
theoretical sea-level acceleration at the equator of
32.2 (ft/s)/s. Thisunit istoo large for geophysical
work, so the milligal is used. One milligal isequa to
3.281x107 (ft/s)/s. After the gravitational data are
adjusted for latitude, atitude, tides, density, and
instrument drift, gravity anomalies caused by
differencesin the density of different types of geologic
material can be resolved. Aeromagnetic data are used
to evaluate magnetic field anomalies caused by the
magnetic fields of different types of rock and geologic
structures superimposed on the Earth’s magnetic field.
The magnetic effects of rock are complex, having both
magnitude and direction. Magnetic gradients near the
edges of magnetic anomalies commonly indicate the
location of geologic structures or contacts. Gravity and
aeromagnetic data can be used to eval uate potential
faults, fractures, and contacts of rocks of contrasting
density for their effects on the occurrence of water
resources.
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Figure 7. Discharge at selected streamflow-gaging stations on the Coconino Plateau, Arizona.
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Figure 8. Shaded relief digital elevation model for the Coconino Plateau study area, Arizona.
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Land-Use, Vegetation, and Water-Use Data

Land-use and vegetation data can be used to
evaluate runoff and evapotranspiration components of
water budgets used to characterize regional hydrology.
Water-use data provide information on ground-water
and surface-water withdrawals that also are
components in the construction of water budgets.
Land-use and vegetation data were obtained from the
National Land Cover Characterization Project (U.S.
Geologica Survey, 2001b) and the Arizona National
Biological Information Infrastructure Project (U.S.
Geologica Survey, 2001c). The land-use and
vegetation data are not provided in this report, but are
part of the database devel oped for this study. Water-use
data were obtained from municipalities, private water
companies, tribal governments, and industrial water
usersin the study area (table 7).

DATA REQUIREMENTS FOR COMPREHENSIVE
INVESTIGATIVE STUDIES

The hydrogeol ogic evaluation of water resources
and ground-water flow of the Coconino Plateau
requires adequate quantitative information that can
provide an accurate characterization of surface and
subsurface conditions. Although this data report
provides substantial information to begin the
hydrogeol ogic evaluation, additional data and
monitoring will be needed to fill in data gaps and
compl ete a characterization of the regional
hydrogeol ogy. These data needs include the
development of a monitoring plan that will provide
additional baseline information that can be used to
detect future changes in the hydrogeologic system, in
water use, in land use, and in vegetation.

Evaluation and analysis of datafor the Coconino
Plateau is limited by the lack of datafor large parts of
the study area. In many cases, there are few, if any, well
data or other sources of information for the Havasu
Basin, for the area between Flagstaff and Williams, and
for the area south of Williamsinto the Verde Valley.
Information on springs and vegetation in riparian areas
associated with springsis limited to that for afew sites
mainly along the south rim of Grand Canyon from
Horseshoe Mesa to Boucher Canyon, and along the
Verde River and Oak Creek. Current geologic maps of
the Coconino Plateau and the greater Grand Canyon
region are at scales of 1:250,000 or smaller. These

maps do not show sufficient detail to develop
hydrogeol ogic framework information needed to infer
the occurrence, control, and movement of water from
recharge areas to discharge areas on the Coconino
Plateau.

Additional data needed to better characterize the
hydrogeol ogy of the Coconino Plateau include (1) an
inventory of additional wells and springs and
verification of existing well and spring information,
(2) water-chemistry datathat can be used to resolve the
origin, occurrence, and movement of water, (3) large-
scal e geologic mapping of surface formations and
structure in areas where thisinformation is lacking,

(4) selected geophysical information that will enhance
understanding of the hydrogeologic framework in areas
where direct physical information islacking, and (5) a
program to monitor spring discharge, streamflow, and
ground-water levels. Asof September 2001, hydrologic
datawere still being collected and compiled into the
database.

Additional well datawill provide greater
understanding of subsurface hydrogeology for large
parts of the Coconino Plateau. Data could be collected
from existing wellsin those areas where information is
currently lacking and from new wells drilled in the
study area. Additional spring datawill provide a
greater understanding of the flow and flow variability
in discharge areas of the Coconino Plateau. Areas
where this type of information is needed most include
the Little Colorado River, the south rim of Grand
Canyon from Boucher Creek to Mohawk Creek,
springsin the Havasu Basin, and springsin tributaries
to the Verde River from Paulden downstream to Oak
Creek.

L arge-scal e geol ogic mapping of surface
formations and structure for the Valle, Cameron, and
Williams 1:100,000-scale quadrangles will provide
additional details on regional geology and structural
trends. Thisinformation can be used to better
understand the hydrogeol ogic framework and to
construct ground-water flow models that reflect actual
conditions.

Geophysical information will provide the meansto
interpolate surface and subsurface information in areas
where physical information from wells, springs, and
geologic mapping are lacking. Airborne gravity and
aeromagnetic surveys, and resistivity and seismic
surveys can provide more detailed information on
structural features that are part of the hydrogeologic
framework. The southern end of the Havasu
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Downwarp, the Mesa Butte Fault in the vicinity of
Williams, the structurally complex areato the west of
Cameron, and converging fault systems south of the
south rim of Grand Canyon are all areas in which these
data are lacking. All these additional data needs are
components of other continuing studies designed to
compl ete the hydrogeol ogic eval uation of the Coconino
Plateau.

Current and Future Monitoring Activities.—
A program isin progress to monitor springflow,
streamflow, and ground-water levels to provide
baseline data and information that could serve as an
initial measure for detection of change. Spring
monitoring would provide useful information for any
further study because of the role that springsplay in
sustaining riparian areas. Streamflow, spring-discharge,
and water-level dataincreasein value with the length of
record, as longer records tend to better document the
range of natural variations. The scales of variations
mirror those of the climate, ranging from daily to
multidecadal . Because brief records are limited
representations, continued operation of continuous-
record sites would have significant value to ongoing
and future studies. Future monitoring could include:

*  Monitoring additional springs along the south rim
of Grand Canyon on a biannual basis. Springs
currently monitored on the south rim of Grand
Canyon represent asmall portion of the known
discharge area to the north (table 2, fig. 6). These
springs are being monitored biannually for flow
and water chemistry as part of a parallel program
with the NPS using standard USGS techniques
(Robert Hart, hydrologist, U.S. Geological Survey,
oral commun., 2000). Several sites are
instrumented for continuous record of stage and
flow. Biannual monitoring of springs could be
expanded to include additional major discharge
points such as Turquoise Canyon, Royal Arch
Creek, 140 Mile Canyon, Olo Canyon, and
Matkatamiba Canyon. Under the Coconino
Plateau RWI, inventory of the remaining regiona
aquifer springs on the Coconino Plateau has begun
and will be completed in 2002.

*  Monitoring springs that discharge to the south of
the Coconino Plateau. Monitoring these springs
would provide additional information on flow
variability. Annual and biannual monitoring of
selected headwater springs that discharge from the
Coconino Plateau to the south and contribute to

the base flow of the Verde River Basin has begun
as part of the upper and middle Verde RWI study
(John Hoffmann, hydrologist, U.S. Geological
Survey, oral commun., 2001). These datawill be
incorporated into the Coconino Plateau database
as they become available.

e Monitoring streamflow at additional sites. Streams
where additional base-flow discharge or runoff
datawould improve our understanding of the
regional hydrogeology include the Little Colorado
River below Blue Spring, several topographically
closed basins in the Havasu Creek drainage, and
Royal Arch Creek. Continuous record streamflow-
gaging stations may be established and maintained
by the USGS at these sites as part of the Coconino
Plateau RWI and NPS monitoring programs.

*  Monitoring water levelsin selected wellson a
guarterly basis. Wellsin the Flagstaff area, new
wells drilled near Williams, and the Havasupai
well at Hilltop (fig. 6) are currently being
monitored. Water-level datafrom additional wells
in the Valle and Tusayan areawould help to fill in
data gaps.

SUMMARY

The Coconino Plateau area contains important
surface-water, ground-water, and riparian resources
that are under increasing pressure from devel opment.
Concerns have been raised about the effects of water
development on regional springs, surface-water and
riparian resources, and the availability and
sustainability of regional-water supplies. Stakeholders
agree that an improved understanding of the regional
hydrogeol ogic system is needed to address the
concerns of water supply and ground-water
sustainability. Such an understanding requires a base of
information that adequately describes the system. That
base of information currently does not exist for the
Coconino Plateau.

In cooperation with the City of Williams, the
USGS compiled avail able water-resources datafor the
Coconino Plateau from October 2000 through
September 2001 as theinitial phase of a study of the
regional hydrogeology. The USGS compiled data on
climate, geology, ground water, surface water, water
chemistry, land use, vegetation, and water use.

The study areafor this report encompasses about
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10,300 mi2 in northern Arizonaincluding all of the
Coconino Plateau (about 5,000 mi2) and parts of the
Little Colorado River and Verde River Basins. These
datawill serve asthe core of information used to guide
additional data collection, monitoring, evaluation, and
interpretation as part of ongoing studies.

Most of the climate data available for the study
area are from the National Weather Service. There are
36 reporting stations within the study areaand 17 of
those are currently active. The average annual
precipitation ranges from 5.5 to 27.7 in. for periods of
record that range from 3 to 89 years. Additional
precipitation data were obtained from a statistical -
geographical approach model developed at Oregon
State University called PRISM. PRISM uses digital
elevation model data to determine variationsin
precipitation as a function of elevation. The general
geology and geologic structure of the region is known
or inferred from more detailed geologic investigations
in adjacent areas. Geologic mapping studies are
currently ongoing to improve our understanding of
areal geology and geologic structure in the detail
needed for ongoing water-resources studies.

The database assembled for this study has
information on 1,767 wells and 295 springs. Well
information includes location, total depth, depth to
water, well design, and alist of available borehole logs
and additional information. Well logs and pump or
aquifer-test data also are available for some wells. Well
depths range from a few feet to 6,500 ft below land
surface. Well yields range from less than 1.0 to
1,293 gpm. Of the 295 springs mapped in the study
area, 164 have been inventoried with reliable
information on the location, geologic unit, flow rate,
and water chemistry. Spring flows range from less than
1 to more than 48,000 gpm.

Streamflow data are available for 66 streamflow
siteswithin the study area. Of these, 29 are continuous-
record sitesfor flow, and of these, 13 were still activein
the 2001 water year. Peak-flow, partial-record
information was obtained for 32 sites within the study
area; 4 of these sites are active.

The water-chemistry data include information for
22 streams, 156 springs, and 420 wells. Of 1,364 water
samples analyzed, 1,090 were analyzed only for major
cations and anions; and 610 were analyzed for
nutrients. Trace-element chemistry is available for
365 samples, and radionuclides or isotope data are
available for 120 of the samples. Water chemistry is
varied in the study area. Specific conductance values
range from 8.0 to 20,200 uS/cm, and dissolved solids

range from 31 to 12,400 mg/L. Alkalinity ranges from
26 t0 483 mg/L, and pH rangesfrom 5.8 t0 10.8. In 264
of the samples, some mgjor ions, nutrients, trace
elements, and radionuclides exceeded the USEPA
MCLsor SMCLsfor drinking water.

Land-use and vegetation data were obtained from
the National Land Cover Characterization Project and
the Arizona National Biological Information
Infrastructure project. The land-use and vegetation data
are not provided in thisreport, but are part of the
database developed during this study. Water-use data
were obtained from municipalities, private water
companies, tribal governments, and industrial water
usersin the study area.

The hydrogeol ogic evaluation of water resources
and ground-water flow of the Coconino Plateau
requires adequate quantitative information that can
provide an accurate characterization of surface and
subsurface conditions. Although this data report
provides substantial information to begin the
hydrogeol ogic evaluation, additional data and
monitoring could fill in data gaps and be used to better
characterize the regional hydrogeol ogy. The additional
data could include: (1) aninventory of additional wells
and springs and verification of existing well and spring
information; (2) water-chemistry data that can be used
to resolve the origin, occurrence, and movement of
water; (3) large-scale geologic mapping of surface
formations and structure in areas where the information
islacking; (4) selected geophysical information that
will enhance understanding of the hydrogeologic
framework in areas where direct physical information
islacking; and (5) a program to monitor spring
discharge, streamflow, and ground-water levels at
additional sites. As of September 2001, hydrogeologic
data were still being collected and compiled into the
database.

REFERENCES CITED

Anning, D.W., and Duet, N.R., 1994, Summary of ground-
water conditionsin Arizona, 1987-90: U.S. Geological
Survey Open-File Report 94-476, 2 plates.

Arizona Department of Water Resources, 2001, Arizona
Land Resource Information System GI S data: accessed
March 2001, at URL http://www.land.stat.az/
ariglindex.html.

Arizona State Land Department, 1998, State of Arizona
surface management responsibility: Arizona State Land
Department map, second preliminary edition, May 12,
1998, scale 1:700,000.

26 Characterization of Hydraulic Conductivity of the Alluvium and Basin Fill, Pinal Creek Basin near Globe, Arizona



Beus, S.S., and Morales, Michael, 1990, Grand Canyon
Geology: Oxford University Press and Museum of
Northern Arizona Press, New York and Flagstaff,
Arizona, 518 p.

Billingsley, G.H. and Hendricks, J.D., 1989, Physiographic
features of Northwestern Arizona, in Elston, D.P,
Billingsley, G.H., and Young, R.A., eds., Geology of
Grand Canyon, Northern Arizona (with a Colorado
River guide): American Geophysical union,
Washington, D.C., chap. 4, p. 67—71.

Billingsley, G.H., Spamer, E.E., and Menkes, Dave, 1997,
Quest for the pillar of gold, the mines and miners of
Grand Canyon: Grand Canyon Association monograph
no. 10, Grand Canyon, Arizona, 112 p.

Billingsley, G.H., Wenrich, K.J., and Huntoon, PW., 2000,
Breccia-pipe and geologic map of the southeastern part
of the Hualapai Indian Reservation and vicinity,
Arizona: U.S. Geological Survey Geologic
Investigations Series 1-2643, 18 p., 2 sheets, scale
1:48,000.

Bills, D.J., Truini, Margot, Flynn, M.E., Pierce, H.A.,
Catchings, R.D., and Rymer, M.J., 2000, Hydrogeology
of the regional aquifer near Flagstaff, Arizona,
1994-97: U.S. Geological Survey Water-Resources
Investigation Report 004122, 143 p., 4 plates.

Blakey, R.C., 1990, Stratigraphy and geologic history of
Pennsylvanian and Permian rocks, Mogollon Rim
region, central Arizonaand vicinity: Geological Society
of AmericaBulletin, v. 102, no. 9, p. 1189-1217.

Chavez, P.S., Jr., Velasco, Miguel, and Sides, S.C., 1996,
Ground-water resources evaluation, Flagstaff,
Arizona—Remote-sensing component: U.S. Geological
Survey Open-File Report 96-739, 27 p.

Cooley, M.E., Harshbarger, JW., Akers, J.P, and Hardt,
W.F,, 1969, Regional hydrogeol ogy of the Navajo and
Hopi Indian Reservations, Arizona, New Mexico, and
Utah, with a section on Vegetation by O.N. Hicks: U.S.
Geological Survey Professiona Paper 521-A, 61 p.,

9 plates.

Cooley, M.E., 1976, Spring flow from pre-Pennsylvanian
rocks of the southwestern part of the Navajo Indian
Reservation, Arizona: U.S. Geological Survey
Professional Paper 521-A, 13 p., 2 plates.

Daly, Christopher, Neilson, R.P, and Phillips, D.L., 1994,
A statistical-topographic model for mapping
climatological precipitation over mountainous terrain:;
Journal of Applied Meteorology, v. 33, p. 140-158.

Errol L. Montgomery and Associates, 1999, Supplemental
assessment of hydrogeologic conditions and potential
effects of proposed groundwater withdrawal, Coconino
Plateau Groundwater Sub-Basin, Coconino County,
Arizona June 1999: Appendix of the Final
Environmental Impact Statement for Tusayan Growth,
Kaibab National Forest, Williams, Arizona, July 1999,
256 p.

Fellows, L.D., 2000, Earthquake hazards in Arizona:
Arizona Geology, v. 30 no. 1, Spring 2000, Arizona
Geological Survey, Tucson, p. 104.

Fitzgerald, J., 1996, Residence time of ground water issuing
from the South Rim aquifer in the Eastern Grand
Canyon: Las Vegas, Department of Geoscience,
University of Nevada, Las Vegas, master’'sthesis, 103 p.

Flynn, M.E., and Bills, D.J., 2002, Investigation of the
geology and hydrology of the Coconino Plateau of
northern Arizona: A project of the Arizona Rural
Watershed Initiative: U.S. Geological Survey Fact Sheet
113-02, 4 p.

Ghioto, Gary, 2001, Hitting the wall: Arizona Daily Sun,
February 21, 2001, Flagstaff, Arizona, v. 55, no. 127,
p. L

Goings, D.B., 1985, Spring flow in a portion of Grand
Canyon National Park, Arizona: Las Vegas, Department
of Biological Sciences, Cooperative National Park
Resources Studies Unit, University of Nevada, Las
Vegas, master’s thesis, CPSU/UNLV 033/01, 60 p.

Harshbarger and Associates and John Carollo Engineers,
1972, Water resources report, City of Flagstaff,
Arizona; Harshbarger and Associates and John Carollo
Engineers duplicate report, Tucson, Arizona, 124 p.

Huntoon, PW., Billingsley, G.H., and Clark, M.D., 1981,
Geologic map of the Hurricane fault zone and vicinity,
western Grand Canyon, Arizona: Grand Canyon
Natural History Association, Grand Canyon, Arizona,
scale, 1:48,000.

Huntoon, PW., Billingsley, G.H., and Clark, M.D., 1982,
Geologic map of the lower Granite Gorge and vicinity,
western Grand Canyon, Arizona: Grand Canyon
Natural History Association, Grand Canyon, Arizona,
scale 1:48,000.

Huntoon, PW., Billingsley, G.H., Breed, W.J.,, Sears, JW.,
Ford, T.D., Clark, M.D., Babcock, R.S., and Brown,
E.H., 1986, Geologic map of the eastern part of the
Grand Canyon National Park, Arizona: Grand Canyon
Natural History Association, Grand Canyon, Arizona,
scale 1:62,500.

Kaibab National Forest, 1999, Final environmental impact
statement for Tusayan growth, Coconino County,
Arizona: U.S. Department of Agriculture, Forest
Service, Kaibab National Forest, Williams, Arizona,
August, 1999, 399 p., 1 appendix.

References Cited 27



Kasindorf, Martin, and McMahon, Patrick, 2001, Arizona's
hispanic population grew by 88 percent: USA Today,
accessed April 24, 2001, at URL
http://www.usatoday.com/news/census/az.htm.

Krantz, R.W., 1989, Laramide structures of Arizona, in
Jenney, J.P, and Reynolds, S.J., eds., Geologic
evolution of Arizona: Tucson, Arizona Geological
Society Digest 17, p. 463-483.

Marx, D.E., 1995, Deposition of travertine along Havasu
Creek, Arizona: Environmental Engineering Chemistry
Lab, 21 p.

McGavock, E.H., Anderson, T.W., Moosburner, Otto, and
Mann, L.J., 1986, Water resources of Southern
Coconino County, Arizona: Arizona Department of
Water Resources Bulletin 4, 53 p., 2 plates.

Metzger, D.G., 1961, Geology in relation to the availability
of water along the south rim, Grand Canyon National
Park, Arizona: U.S. Geologica Survey Water-Supply
Paper 1475-C, 138 p., 1 plate.

Montgomery J.M., 1981, Lake Mary and Woody Mountain
well locations and designs (LM-8, WM-8, WM-T),
City of Flagstaff, Arizona: James M. Montgomery
Consulting Engineers, Inc., Phoenix, Arizona, 11 p.

National Oceanographic and Atmospheric Administration,
1999, Climatological data, annual summary, Arizona:
Ashville, North Carolina, National Oceanographic and
Atmospheric Administration, National Data Center,
ISSN 1045-0387, v. 103, no. 13, 27 p.

National Park Service, Grand Canyon National Park, 2001,
Quick look: accessed April 2001, at URL
http://www.nps.gov/grca/grandcanyon/quicklook.htm.

Natural Resources Consulting Engineers, Inc., 1999, Field
study of springs and other hydrologic features on the
Havasupai Reservation, Arizona: Fort Collins,
Colorado, Natural Resources Engineers, Inc., 28 p.

___ 2000, Field study of springs and Bar Four Well on the
Havasupai Reservation, Arizona: Fort Collins,
Colorado, Natural Resources Engineers, Inc., 26 p.

Nealey, D.L. and Sheridan, M.F., 1989, Post-L arimide
volcanic rocks of Arizona and northern Sonora,
Mexico, and their inclusions, in Jenney, J.P,, and
Reynolds, S.J., eds., Geologic evolution of Arizona:
Tucson, Arizona Geological Society Digest 17, p. 609—
647.

Newhall, C.G., Ulrich, G.E., and Wolfe, E.W., 1987,
Geologic map of the southwest part of the San
Francisco volcanic field, north-central Arizona: U.S.
Geological Survey Miscellaneous Field Studies Map
MF-1958, scale, 1:50,000.

Parker, J.T.C and Flynn, M.E., 2000, Investigation of the
geology and hydrology of the Mogollon Highlands of
Central Arizona: A project of the Arizona Rural
Watershed Initiative: U.S. Geological Survey Fact Sheet
159-00, 4 p.

Paulson, R.W., Chase, E.B., Williams, J.S., and Moody,
D.W., 1993, National Water Summary 1990-91,
hydrologic events and stream water quality: U.S.
Geological Survey Water-Supply Paper 2400, 590 p.

Peirce, H.W., 1984, The Mogollon Escarpment: Tucson,
Arizona Bureau of Geology and Mineral Technology,
fieldnotes, v. 14, no. 21, p. 8-11.

Phillips, J.D., Duval, J.S., and Ambroziak, R.A., 1993,
National geophysical data grids. gamma-ray, gravity,
magnetic, and topographic data for the conterminous
United States: U.S. Geological Survey Digital Data
Series DDS-9, 1 CD-ROM.

Reynolds, S.J., 1988, Geologic Map of Arizona: Tucson,
Arizona Geological Survey Map M-26, scale,
1:1,000,000.

Sellers, W.D., Hill, R.H., and Sanderson-Rae, M., eds., 1985,
Arizona climate—The first hundred years, 1885-1985:
Tucson, University of Arizona Press, 143 p.

Shoemaker, E.M., Squires, R.L., and Abrams, M.J., 1978,
The Bright Angel and Mesa Butte Fault systems of
northern Arizona, in Smith, R.B., and Eaton, G.P, eds.,
Cenozoic tectonics and regional geophysics of the
western Cordillera: Geological Society of America
Memoir 152, p. 341-367.

Sorauf, J.E., and Billingsey, G.H., 1991, Members of the
Toroweap and Kaibab Formations, Lower Permian,
northern Arizona, and southwestern Utah: Rocky
Mountain Association of Geologists, The Mountain
Geologigt, v. 28, no. 1, p. 9-24.

Twenter, F.R. and Metzger, D.G., 1963, Geology and ground
water in Verde Valley— the Mogollon Rim region,
Arizona: U.S. Geological Survey Bulletin 1177, 132 p.,
1 plate.

Ulrich, G.E., Billingsley, G.H., Hereford, Richard, Wolfe,
E.W., Neadley, L.D., and Sutton, R.L, 1984, Map
showing geology, structure, and uranium deposits of
the Flagstaff 1° x 2° quadrangle, Arizona: U.S.
Geological Survey Miscellaneous Investigations Series
Map 1-1446, scale 1:250,000.

U.S. Census Bureau, 2001, Census 2000 data for the state of
Arizona: accessed April 24, 2001, at URL
http://www.census.gov/census2000/states/az.html.

U.S. Environmental Protection Agency, 2002, U.S.
Environmental Protection Agency National Primary
Drinking Water Standards, EPA, 816-01-007, accessed
January 23, 2002, at URL http://www.epa.gov/
safewater/mcl.html.

U.S. Geological Survey, 2000, U.S. Geological Survey Earth
Resources Observation Satellite data center, accessed
December 2000, at URL http://edcwww.cr.usgs.gov.

U.S. Geologica Survey, 20013, U.S. Geological National
Elevation Dataset: accessed June 6, 2001, at URL
http://edcnts12.cr.usgs.gov/ned.

28 Characterization of Hydraulic Conductivity of the Alluvium and Basin Fill, Pinal Creek Basin near Globe, Arizona



U.S. Geological Survey, 2001b, U.S. Geological Survey
National Land Cover Characterization Project: accessed
September 2001, at URL http://landcover.usgs.gov/
nationallandcover.html.

U.S. Geologica Survey, 2001c, U.S. Geological Survey
Arizona Nationa Biologica Information Infrastructure
Project: accessed July 30, 2001, at URL
http://usgs.brd.srnr.arizona.edu/nbii/index.html.

Wenrich, K.J.,, Billingsley, G.H., and Huntoon, PW., 1997,
Breccia-pipe and geologic map of the northeastern part
of the Hualapai Indian Reservation and vicinity,
Arizona: U.S. Geological Survey Miscellaneous
Investigations Series 1-2440, 19 p., 2 sheets,
scale 1:48,000.

Wenrich, K.J., Boundy, S.Q., Aumente-Modreski, Regina,
Schwarz, S.P, Sutphin, H.B., and Been, JM., 1994,
A hydrogeochemical survey for mineralized breccia
pipes—Data from springs, wells, and streams on the
Hualapai Indian Reservation, northwestern Arizona:
U.S. Geological Survey Open-File Report 93-619,
66 p.

Wilson, Eric, 2000, Geologic framework and numerical flow
model s of the Coconino Plateau aquifer, Grand Canyon,
Arizona: Flagstaff, Department of Geology, Northern
Arizona University, master’s thesis, 72 p.

Wolfe, E.W., Ulrich, G.E., Holm, R.F., Moore, R.B., and
Newhall, C.G., 1987, Geologic map of the central part
of the San Francisco volcanic field, north-central
Arizona: U.S. Geologica Survey Miscellaneous Field
Studies Map MF-1959, scale 1:50,000.

Woodhouse, Elizabeth, Flynn, M.E., Parker, J.T.C., and
Hoffmann, J.P, 2002, Investigation of geology and
hydrology of the upper and middle Verde River
Watershed of central Arizona: A project of the Arizona
Rural Watershed Initiative: U.S. Geological Survey Fact
Sheet 059-02, 4 p.

Woods and Poole Economics, Incorporated, 1999, 1999
Arizona State Profile report: Washington, D.C., January
1999, 220 p.

Zukosky, K.A., 1995, An assessment of the potential to use
water chemistry parametersto define ground water flow
pathways at Grand Canyon National Park, Arizona: Las
Vegas, Department of Geoscience, University of
Nevada, Las Vegas, master'sthesis, 105 p.

References Cited 29



Table 1.-- Summary of data sources and data types for the Coconino Plateau, Arizona
( -- indicates no data source code)

Dates data Types of data Corresponding data
Data sources provided provided source code in table 2
U.S. Geological Survey-National ongoing Surface water, USGS
Water Information System ground water, water
chemistry, and
geology
U.S. Geological Survey-National June 2001 Digital elevations USGS

Elevation Dataset
U.S. Thematic Mapper Dataset December 2000 Electromagnetic --
spectral bands 1-7

U.S. Geological Survey-National December 2000 Black and white USGS
Aerial Photographic Program aerial photography
U.S. Geological Survey-National December 2000 Gravity, magnetic USGS
Geophysical Data Grids gradient, and

electrical resistivity
U.S. Geological Survey-National September 2001 Land use and USGS
Land Cover Characterization vegetation
Project
U.S. Geological-National July 2001 Land use and USGS
Biological Information vegetation
Infrastructure
Oregon State University- March 2001 Digital elevation --
Parameter-Elevation model and annual
Regressions on Independent precipitation
Slopes Model
Arizona Department of Water March 2001 Surface water, AZ014
Resources-Ground-Water Site ground water, water
Inventory chemistry, and

geology
National Weather Service Daily, monthly, and  --

annual temperature
and precipitation

National Park Service October 2000 Surface water, USNPS
spring, and water
chemistry
Forest Service June 2001 Spring USFS
Arizona Geological Survey June 2001 Geology AZGS
Havasupai Tribe November 2000 Spring AZ090
Natural Resources Consulting November 2000 Spring and ground  AZ120
Engineers, Inc. water
Hydro Geo Chem, Inc. June 2001 Spring and surface AZ121
water

Northern Arizona University October 2000 and Ground water, spring, AZ063
August 2001 and water chemistry



University of Nevada-Las Vegas July 2001

City of Flagstaff September 2001
City of Williams December 2000
and August 2001
Valle October 2000
Tusayan October 2000

Ground water, spring, --
and water chemistry

Well, ground water, AZ100
and geology
Well, ground water, AZ101
and geology
Well, ground water, AZ102
and geology
Well, ground water, AZ103
and geology



Table 2. Well and spring information for the Coconino Plateau, Arizona

[County code: 5, Coconino County; 25, Yavapai County.

Source of data code: AZ014, Arizona Department of Water Resources; USGS, U.S. Geological Survey.

Data quality: V, verified; UV, unverified.

Use of water: A, air conditioning; C, commercial; D, de-watering; H, domestic; I, irrigation; N, industrial; P, public supply; R, re
Well finish type: C, porous concrete; F, gravel with perforations; G, gravel screen; O, open end; P, perforated or slotted; S, sci
Method of construction: A, air rotary; C, cable tool; D, dug; G, hydraulic rotary; P, air precussion; R, reverse rotary; Z, other.
Type of logs available: C, caliper; D, driller's; E, electric logs; F, fluid conductivity; G, geologist; |, induction; J, gamma ray; K, ¢
Aquifer code: 111ALVM, alluvium; 112GLCL, glacial outwash; 120SDMR, sedimentary rocks; 120VLCC, volcanic rocks; 121V

Alttuae

Casing Well Depth ofland

County  Source of Date well Use of diameter finish of well surface
Local well number Site identifier code data code Data quality constructed water (feet) type (feet) (feet)
B-22-01 25ACD1 331534112202601 5 AZ014 uv 19901001 N 8 220 6370
B-22-01 25ACD2 331534112202701 5 AZ014 uv 19901001 N 8 220 6370
05 132-08.85X06.40 342425111092401 5 USGS Y, 19691211 6.62 P 73 4652
A-14-05 29WADC 343439111511301 25 USGS \Y, 1968 H 6 40 3080
A-14-05 30ABA1 343457111512801 25 USGS Y, 1965 H 6 X 61 3100
A-14-05 30ABA2 343457111512901 25 USGS \Y 19750818 H 6 X 150 3100

A-14-05 30ABA2 343457111512901 25 USGS \Y 19750818 H 6 X 150 3100



A-14-05 30AAA

A-14-05 19CDA

A-14-05 19CBD

A-14-05 19CAC

A-14-04 24DAA

A-14-05 19DBA1

A-14-05 19DBA2

A-14-05 19CBA

A-14-05 19BCC

A-14-04 24ACC1

A-14-04 24ACC2

A-14-05 19BCD

343459111511601

343513111514401

343515111520701

343516111520001

343522111521401

343524111513501

343524111513502

343525111515801

343528111520801

343528111524101

343529111524101

343530111520601

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

1962

19790804

19660511

1965

19740319

1970

19790728

19731024

19721013

19790729

6.5

6.5

6.5

6.5

63

150

180

80

177

250

250

43

41

250

3090

3135

3115

3180

3115

3160

3160

3200

3180

3100

3100

3220



A-14-05 19BDB

A-14-05 19BDB2

A-14-05 19BAC1

A-14-04 24ABC

A-14-05 19BAC2
A-14-05 19BAC2

A-14-04 13DCD1

A-14-04 13DCD2

A-14-04 13DCD3

A-14-04 13DAC1

A-14-04 13DAC2

A-14-04 13DBA1

343539111515601

343540111515601

343543111514801

343546111523701

343547111514801
343547111514801

343558111522701

343559111522901

343559111523401

343612111522501

343615111522401

343615111522701

25

25

25

25

25
25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS

19791127

196703

19721009

19740411

1965

1973

1970

265

85

150

150

115

200

115

183

3250

3250

3260

3100

3290
3290

3160

3140

3120

3190

3200

3200



A-14-04 13DAB1

A-14-04 13DBA2

A-14-04 13DAB2

A-14-04 13DAB3
A-14-04 13DAB3

A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC

343616111522301

343617111522601

343618111522301

343619111522201
343619111522201

343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301

25

25

25

25
25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

USGS

USGS

USGS

USGS
USGS

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

<

K K K K K K KKK KKK KKK

19761021

19750204

19761020

19700912
19700912

195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811

¥ ® ©” ©® U U U U U U U U U UV O

5.5

6.5

10

200

200

200

202
202

160
160
160
160
160
160
160
160
160
160
160
160
160
160
160

3200

3200

3200

3200
3200

3190
3190
3190
3190
3190
3190
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3190
3190
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3190
3190
3190
3190
3190



A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC
A-14-05 17AAC

343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301
343638111501301

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

K K £ K KKK KKKKKK KKK KKKKLKKKKCKLC

195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
195811
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195811

¥ " v v v U U U U U U U U U U U U U U U U U UV T

160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160

3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190
3190



A-14-05 17AAC
A-14-05 17AAC

A-14-05 18BAA

A-14-04 13BBA

A-14-04 13BAB

A-14-04 12CDC

A-14-04 11DDA

A-14-04 11DAC

A-14-04 11DAA1

A-14-04 11DBA1

A-14-04 11DAA2

A-14-04 11DBA2

A-14-04 11ADD

343638111501301
343638111501301

343642111514901

343646111530101

343647111525201

343653111525101

343703111531701

343707111532401

343712111531301

343712111532801

343714111531701

343714111533401

343718111531301

25
25

25

25

25

25

25

25

25

25

25

25

25

USGS
USGS

AZ014

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

uv

195811
195811

19610506

19750919

1968

19750127

19730622

19740920

6.5

6.62

160
160

305

96

100

86

130

133

185

185

75

3190
3190

3280

3125

3120

3140

3150

3160

3200

3165

3190

3155

3210



A-14-04 11AAC

A-14-05 03CCC

A-14-04 02DDC

A-14-05 02CBC2

A-14-04 02DCA

A-14-05 02CAC

A-14-05 02CBC1

A-14-04 03DBC1

A-14-04 02CBA

A-14-04 03BCD

A-14-04 03ADC

A-14-05 02BAD

343732111531901

343748111485401

343752111532101

343755111474601

343755111533101

343758111472901

343758111474701

343801111544301

343809111540101

343815111550101

343820111542401

343824111472701

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

196405

19770618

196907

19770119

1965

19721023

19740706

197008

6.5

48

10

220

300

200

310

90

280

325

75

85

150

125

525

3250

3485

3260

3480

3180

3445

3480

3160

3180

3170

3170

3520



A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-05 02BAD

A-14-04 03ACB

A-14-04 03BAC4

A-14-04 03BBD1

A-14-05 02BBA

A-14-04 03BAD

A-14-05 02BAB1

A-14-04 03BBC

A-14-05 04AAA

343824111472701

343824111472701

343824111472701

343824111472701

343824111472701

343824111472701

343824111472701

343824111472701

343825111544201

343828111545701

343828111550301

343829111473701

343829111544601

343830111473301

343831111550801

343833111490101

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS
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USGS

USGS
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3175

3190
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3445

3190

3460

3195
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A-14-05 04AAA

A-14-05 04AAA

A-14-05 04AAA

A-14-05 04AAA

A-15-05 36CCC

A-14-05 02BAB2

A-14-04 03BAB2

A-15-05 36CCB2

A-15-05 36CCB3

A-14-04 03BAA

A-14-04 03BAB1

A-14-04 03BBA1

A-14-04 03BBA2

A-14-04 04AAB

343833111490101

343833111490101

343833111490101

343833111490101

343836111464501

343836111474101

343837111545501

343838111464101

343838111464201

343839111544501

343839111545801

343839111550501

343839111550701

343840111553001

25

25

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS
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USGS

USGS
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3420

3210

3485

3485
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A-15-04 33DCC

A-15-05 36CCB1

A-15-05 36DAB

A-15-04 33DCB

A-15-05 36DBB

A-15-06 31CBA2

A-15-06 31CBA1

A-15-05 36CAA

A-15-05 34CBA

A-15-05 36ACC

A-15-05 35ACC

A-15-05 35BDD

343842111554301

343843111464101

343852111460301

343852111554601

343853111460901

343854111453301

343854111453601

343854111462201

343858111484001

343902111461101

343902111471701

343902111472401

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

1956

19980129

1954

1964

19470612

19580101

19841112

19711203

11

6.75

8.62

11

110

170

189

510

125

105

105

175

305

305

3185

3525

3550

3215

3520

3515

3515

3510

3310

3540

3550

3540



A-15-05 35ACD

A-15-05 35ADB

A-15-05 35AAC

A-15-05 36ABB

A-15-05 25DDD-AZ014
A-15-05 25DDD-AZ014

A-15-05 25DDD
A-15-05 25DDD
A-15-05 25DDD
A-15-05 25DDD
A-15-05 25DDD

A-15-05 27CCC

A-15-05 28DDA

A-15-06 29CAA
A-15-06 29CAA

343904111470701

343905111470001

343914111470201

343920111461201

343923111454701
343923111454701

343924111454901
343924111454901
343924111454901
343924111454901
343924111454901

343930111485201

343934111485801

343948111441201
343948111441201

25

25

25

25

25
25

25
25
25
25
25

25

25

25
25

USGS

USGS

USGS

USGS

AZ014
AZ014

USGS
USGS
USGS
USGS
USGS

USGS

USGS

USGS
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A-15-05 24DCA
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A-15-04 21CBA1

A-15-04 22BCC

A-15-05 20ABB

A-15-04 20BDB

A-15-04 19AAD

A-15-04 22ABA

A-15-04 19AAA

344019111424301
344019111424301

344024111460801
344024111460801

344044111570401
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A-15-04 15DBA

A-15-04 17ADA

A-15-04 15ACA

A-15-04 17BDB

A-15-04 15AAC

A-15-04 18ABCA1

A-15-04 18ABC2

A-15-04 18ABB

A-15-04 17ABA

A-15-04 15BAA

A-15-04 17BBA
A-15-04 17BBA

344144111542801

344153111561901

344155111543001

344155111570501

344200111542701
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A-15-04 10DCA1
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A-15-04 09DDA

A-15-04 10CDA
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344212111543501

344212111544201
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344218111542801
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344221111542501

344221111550201
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344250111583401
344250111583401
344250111583401
344250111583401
344250111583401
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344250111583401
344250111583401
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A-15-04 11BBD1

344250111583401

344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
344250111584001
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A-15-04 12ABB
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A-15-03 12AAD

A-15-04 11BBD2

A-15-04 11BBC3

A-15-04 11BBD4

A-15-03 12BAC

A-15-03 12BBD

A-15-04 11BBC2

A-15-03 12BBA

A-15-03 12BAA2

344251111540001

344251111540801

344253111522801
344253111522801

344253111582701

344254111540201

344254111541001

344255111535801

344255111591001

344255111591701

344256111541001

344258111591801

344259111585901

25
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USGS

USGS
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USGS
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19730508
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197408
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1957
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19750304
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19740805
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344308111552901

344309111540401

344309111540401

344309111540401

344309111540401

344309111540401

344309111540401

344309111540801

344309111591501

344309111591801

344310111541401

344310111552801
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A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2
A-15-04 02CCB2

A-15-04 04DDA

A-15-03 01DDB1

A-15-04 02CCBH1

A-15-04 02CCB4

A-15-04 02CCB4

A-15-04 02CCB4
A-15-04 02CCB4

344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701
344311111540701

344311111551401

344311111583401

344312111540401

344312111540801

344312111540801

344312111540801
344312111540801

25
25
25
25
25
25
25
25
25
25
25
25
25

25

25

25

25

25

25
25

USGS
USGS
USGS
USGS
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USGS
USGS
USGS
USGS
USGS
USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS
USGS
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19740215
19740215
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8.62

100
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50

160

150

300

300

300
300

3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420

3320

3290

3420

3420

3420

3420
3420



A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4
A-15-04 02CCB4

A-15-03 01DDB2

A-15-04 03CCB

A-15-04 03DDA2

A-15-04 04DAD

A-15-04 04AAD1

344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801
344312111540801

344314111583401

344315111551201

344316111541401

344316111551501

344316111551601

25
25
25
25
25
25
25
25
25
25
25
25
25
25

25

25

25

25

25

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

USGS

USGS

USGS

USGS

USGS
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19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215
19740215

19761101

19770204

1962

1958

H

6.62

6.62

300
300
300
300
300
300
300
300
300
300
300
300
300
300

175

70

141

97

247

3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420
3420

3295

3310

3410

3320

3315



A-15-04 04AAD1

A-15-03 01DDB3

A-15-03 01DCB

A-15-04 03CAC1

A-15-03 01CBD

A-15-04 03CAC3

A-15-04 03CAD2

A-15-04 03CAC2

A-15-04 03CBD

A-15-04 03DBD

A-15-04 03DAA2

A-15-04 03CAA2

344316111551601

344316111584001

344316111585501

344318111545701

344318111591801

344320111545501

344322111545001

344322111545301

344322111545801

344323111543401

344327111541401

344327111544301

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

1958

1973

19720101

19730827

19720301

19731102

6.62

6.62

6.62

247

142

200

230

295

225

40

160

200

3315

3310

3295

3340

3270

3360

3365

3370

3340

3370

3405

3360



A-15-04 04DAB

A-15-04 02CAB

A-15-04 02CBB2

A-15-04 03DAB1

A-15-04 03DAB2

A-15-04 03CAA1

A-15-04 03CBA

A-15-04 03CBA

A-15-04 03CBA

A-15-05 06BCD

A-15-04 03ADD2

A-15-04 03ACC

A-15-04 03BDD2

344327111552301

344328111535201

344328111540401

344328111541901

344328111542101

344328111544401

344328111550401

344328111550401

344328111550401

344331111515501

344331111541601

344331111543901

344331111544501

25

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

19750717

197210

19770526

19730403

19720502

1973

1963

1963

1963

19740222

19731029

195905
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6.62

6.62

5.5

6.62

6.62

6.62

6.5

82

347

185

250

260

227

553

240

333

220

3315

3450

3410

3410

3405

3360

3345

3345

3345

3700

3420

3370

3365



A-15-04 02BCC

A-15-04 03ADD1

A-15-04 02BCD

A-15-04 02BDC

A-15-04 03BDD1

A-15-04 03BDC1

A-15-04 03BDC2

A-15-04 03BCD

A-15-04 04ADC

A-15-04 02BCA2

A-15-04 02BCA1

A-15-04 03ADA2

344332111540401

344333111541701

344334111535201

344334111535401

344334111544501

344334111545501

344335111545701

344335111550101

344335111552801

344337111535501

344337111535701

344337111541701

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

19730427

19770101

197002

1962

1970

19720505

19721129

19770701

1964

19731223

6.5

8.62

6.5

6.62

6.62

140

192

165

197

208

202

90

195

260

3410

3425

3430

3435

3365

3350

3350

3350

3310

3430

3425

3420



A-15-04 03ADB

A-15-04 04ADB

A-15-04 03ACB2

A-15-04 03ACA

A-15-04 03ACB1

A-15-04 03BDA

A-15-04 02BBC

A-15-04 02BAC

A-15-04 02BBD

A-15-04 03BBC

A-15-04 03AAC1

A-15-04 03AAC2

344337111542501

344337111552901

344338111543901

344340111543301

344340111543901

344340111544601

344342111540501

344344111535201

344345111535901

344345111551301

344347111545301

344348111542001

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

19740101

19730424

197706

19731122

19690912

1970

1970

19761210

19770303

6.5

6.5

6.62

6.62

6.5

8.5

341

545

340

235

305

200

156

250

3390

3310

3370

3385

3365

3360

3410

3425

3410

3330

3390

3390



A-15-04 02BAA1

A-15-04 04AAD2

A-15-04 04AAB
A-15-04 04AAB

A-15-04 01BAA

A-15-04 04AAA2

A-15-04 02BAB1

A-15-04 02BAA2

A-15-04 02BAB2

A-15-04 04AAA3
A-15-04 04AAA3

A-15-04 04AAA1

A-15-03 02AAB

344349111534001

344349111551601

344349111552401
344349111552401

344350111524301

344350111551601

344351111534801

344352111534401

344352111535201

344353111552201
344353111552201

344355111551701

344355111593701

25

25

25
25

25

25

25

25

25

25
25

25

25

USGS

USGS

USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS
USGS

USGS

USGS

1965

1967

196106
196106

195010

19591010

19711203

19720320

197706

19691105
19691105

1963

19680101

6.62

6.62

500

190

245
245

274

153

225

223

172

240
240

360

130

3450

3325

3305
3305

3560

3320

3435

3445

3430

3310
3310

3310

3290



A-16-03 35DDC
A-16-03 35DDC

A-16-03 35DCD

A-16-03 35DCD

A-16-03 35DCD

A-16-04 35CDD

A-16-03 36CDC

A-16-03 36CDC

A-16-03 36CDC

A-16-04 35CDC

A-16-04 35CCD

A-16-04 35CCA1

A-16-04 35DCB

A-16-04 35CCA2

A-16-04 35CCA3

344356111593801
344356111593801

344357111594401

344357111594401

344357111594401

344358111534501

344359111591101

344359111591101

344359111591101

344400111535001

344402111535801

344403111540001

344404111533901

344404111535601

344405111540201

25
25

25

25

25

25

25

25

25

25

25

25

25

25

25

USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

1950

1950

1950

19740521

19791007

19791007

19791007

19730213

1971

19720621

19720212

19720915

1972

6.62

6.62

6.62

6.62

390
390

224

224

224

320

1200

1200

1200

402

200

180

395

214

206

3290
3290

3275

3275

3275

3430

3435

3435

3435

3435

3430

3430

3460

3420

3445



A-16-05 36CAD

A-16-04 35CBC

A-16-03 35DBD3

A-16-03 35DBD1

A-16-03 35DBD2

A-16-03 35DAB2
A-16-03 35DAB2

A-16-03 35DAB1

A-16-03 35DAB3

A-16-04 35CAB

A-16-04 35BCC

A-16-03 35ACD1

344409111462401

344409111535501

344410111594601

344413111594801

344414111594601

344418111594101
344418111594101

344419111594101

344419111594401

344422111534901

344423111540801

344423111594701

25

25

25

25

25

25
25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS
USGS

USGS

USGS

USGS

USGS

USGS

19600201

1972

1972

1959
1959

1940

197705

1969

1957

19500101

6.62

6.62

150

250

200

250

200

120
120

87

200

180

837

97

3750

3460

3280

3275

3280

3280
3280

3280

3280

3480

3500

3280



A-16-04 34BDD

A-16-04 34BCD

A-16-03 35ADD2

A-16-03 35ADC

A-16-03 35ACD2

A-16-03 36DAC
A-16-03 36DAC

A-16-04 34BDC

A-16-03 35ADD1

A-16-04 34BDB

A-16-04 34BCA

A-16-03 35ACA

A-16-04 34BCB

344424111544301

344424111550101

344424111593401

344424111593601

344424111594501

344425111583901
344425111583901

344427111545101

344427111593101

344429111545501

344431111550101

344432111594501

344433111550801

25

25

25

25

25

25
25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS

1970

1970

19760101

1967

19740101
19740101

1971

19660101

19750315

1965

19360101

19730802

6.62

6.62

6.62

6.62

8.62

125

110

160

265
265

80

250

300

80

65

602

3375

3340

3320

3310

3290

3420
3420

3340

3340

3360

3360

3275

3370



A-16-04 34BCB

A-16-04 35BAD

A-16-04 33AAC

A-16-04 35AAD

A-16-04 33AAB

A-16-04 34ABB

A-16-04 34ABB

A-16-04 34ABB

A-16-04 26DCC

A-16-04 26DDC

A-16-04 27DCC

A-16-04 27DCC

A-16-04 27DCC

A-16-04 25CCB
A-16-04 25CCB

344433111550801

344435111534201

344436111552401

344441111530901

344442111552701

344446111544001

344446111544001

344446111544001

344447111541301

344450111531501

344450111543601

344450111543601

344450111543601

344459111530201
344459111530201

25

25

25

25

25

25

25

25

25

25

25

25

25

25
25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS
USGS

19730802

1972

19740802

19720921

19750401

19770426

19770426

19770426

1959

19730927

19731001

19731001

19731001

19750312
19750312

6.62

5.56

6.62

602

380

260

86

690
690
690

290

300

390

390

390

275
275

3370

3500

3570

3470

3585

3360

3360

3360

3420

3450

3380

3380

3380

3440
3440



A-16-04 25CCB

A-16-04 26DAC

A-16-03 27DAB

A-16-03 27BAD
A-16-03 27BAD

A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD
A-16-03 22DCD

344459111530201

344506111531901

344515112004401

344534112010701
344534112010701

344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401
344545112005401

25

25

25

25
25

25
25
25
25
25
25
25
25
25
25
25
25
25
25

USGS

USGS

USGS
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USGS
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USGS
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USGS
USGS
USGS
USGS
USGS
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19750312

1952

19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
19160101
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10

8.62

10

275

50

360

313
313

1400
1400
1400
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1400
1400
1400
1400
1400
1400
1400

3440

3430

3315

3770
3770

3430
3430
3430
3430
3430
3430
3430
3430
3430
3430
3430
3430
3430
3430



A-16-06 19CDC

A-16-04 23CAC

A-16-04 23DBB

A-16-06 19BCD

A-16-06 19BCC

A-16-05 24ACD

A-16-04 23CAB

A-16-03 22BCC

A-16-04 23ACB

A-16-06 19BAB

A-16-04 23BCA

A-16-06 19BBC

344546111452601

344553111535001

344602111530301

344606111453101

344610111454101

344612111460801

344612111532301

344613112013101

344616111533201

344619111453801

344619111535901

344620111453802

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

197005

1953

19700505

1961

1971

1963

19710701

195204

1965

1956

1956

390

275

220

360

350

460

278

313

85

580

160

480

4100

3520

3510

4040

4000

4000

3580

3400

3535

4060

3540

4010



A-16-05 24ABD

A-16-04 23BBC1

A-16-04 21AAC

A-16-04 20BBB

A-16-04 20BBB

A-16-04 20BBB

A-16-04 20BBB

A-16-04 15DDC2

A-16-04 15DDC2

A-16-04 15DDC2

A-16-04 15DDC2

A-16-05 14DDD

A-16-04 15DDD

A-16-03 21BBB

A-16-06 18DDD

344620111460601

344623111540801

344624111552601

344625111571401

344625111571401

344625111571401

344625111571401

344632111541701

344632111541701

344632111541701

344632111541701

344633111465401

344634111541501

344634112023701

344636111444301

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

USGS

USGS

USGS

USGS

USGS

USGS

USGS

AZ014

AZ014

AZ014

AZ014

USGS

USGS

USGS

USGS
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uv
uv
uv

1955

19730622
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19850505
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19750929
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392
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200
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200
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582

180

140

523

4080

3590

3590

3730

3730

3730

3730

3650

3650

3650

3650

4095

3590

3400

4175



A-16-05 13DDA

A-16-04 15DDC1

A-16-06 18CDB

A-16-08 16BAD

A-16-05 14DDA

A-16-03 15CCB

A-16-04 14CBD
A-16-04 14CBD

A-16-06 17CAC

A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD

344638111454901

344638111541501

344642111452401

344643111303101

344643111464801

344644112013201

344647111535201
344647111535201

344648111442001

344648111465101
344648111465101
344648111465101
344648111465101
344648111465101
344648111465101
344648111465101

25

25

25

25

25

25
25

25

25
25
25
25
25
25
25

USGS

USGS

USGS

AZ014

USGS

USGS

USGS
USGS

AZ014

USGS
USGS
USGS
USGS
USGS
USGS
USGS

uv

uv
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19730315

1948

19540409
19540409

197205
197205
197205
197205
197205
197205
197205
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30

10

456

72

421

480

50

212
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500
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4040

3590

4075

6862

4080

3345

3540
3540

4210

4085
4085
4085
4085
4085
4085
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A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
A-16-05 14DAD
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B-27-07 21CBA

A-27-09 21ABD

A-27-09 15CCC

A-27-04 13BBB

A-27-09 11DDD

A-27-09 07ABB1

A-27-09 07BAA

A-27-09 07ABB2

B-27-06 12BDB

354220113020801

354233111371001

354238113020901
354238113020901

354240111260701

354257111254001

354345111551901

354350111235001

354420111282001

354421111282101

354430111282701

354438112523301

AZ014

USGS

USGS
USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

uv

19511119

194902

194804

19580101

19670201

19770311

12

12

8.62

300

3624

2165

1613

1613

1450

1500

5694

5400

5510
5510

5090

5093

6455

4501

5040

5040

5035

5880



A-27-09 06DCA2

A-27-09 06DCA1

B-27-01 04DBA

A-27-09 06ADB
A-27-09 06ADB

A-27-09 06AAD

A-27-10 06ABC

B-28-07 31CCA

B-28-07 31CDB
B-28-07 31CDB

03 098-08.80X15.98
03 098-08.80X15.98

03 098-13.82X15.90
03 098-13.82X15.90
03 098-13.82X15.90

354440111282001

354442111281501

354503112233301

354510111280101
354510111280101

354517111275901

354518111215801

354552113042301

354554113041601
354554113041601

354601111242601
354601111242601

354605111294701
354605111294701
354605111294701

USGS

USGS

AZ014

USGS
USGS

USGS

USGS

USGS

AZ014
AZ014

USGS
USGS

USGS
USGS
USGS

uv

uv
uv

1964

195509

19780928
19780928

1971

193408

19550225
19550225

195806
195806
195806

8.62

60

6.62

8.62

1500

1408

1600
1600

815
815

1330
1330
1330

5030

5030

5584

5000
5000

4960

4320

5935

5935
5935

4420
4420

4910
4910
4910



B-28-08 35CBB

B-28-01 35ACA
B-28-01 35ACA

B-28-08 27DDC

03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20
03 098-13.94X15.20

354607113064201

354610112212001
354610112212001

354638113065701

354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801
354646111294801

o o0 a0 00 o0 g0 ;00 g o g ;o g o

AZ014

USGS
USGS

USGS

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

uv

K K K K K KKK KKK KKK KCKL

19520430
19520430

196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905
196905

Ir r r r r r X I T T I I I T T =T

13.38
9.62

X

3544
3544

1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292
1292

6120

6005
6005

6140

4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830
4830



03 098-13.94X15.20

B-28-07 30CBC
B-28-07 30CBC
B-28-07 30CBC
B-28-07 30CBC

B-28-08 27DAA
B-28-08 27DAA

A-28-02 29BCB

B-28-07 31CBB

B-28-07 31CBB

B-28-07 31CBB

B-28-07 31CBB

B-28-08 24DAA2

B-28-08 24DAA1

B-28-08 24DAA1

B-28-08 24DAA1

B-28-01 18C

354646111294801

354650113042601
354650113042601
354650113042601
354650113042601

354703113064701
354703113064701

354704112122801

354710113042801

354710113042801

354710113042801

354710113042801

354749113043801

354749113043901

354749113043901

354749113043901

354830112260001

a o1 o O;

a o1 o O;

USGS

USGS
USGS
USGS
USGS

AZ014
AZ014

AZ014

USGS

USGS

USGS

USGS

AZ014

USGS

USGS

USGS

USGS

< < < <

uv
uv

uv

< < < <

uv

196905

1932
1932
1932
1932

1964
1964
1964
1964

1969
1969
1969

1973

CcC C cCc cC

w 0w u um

14

P

1292

150
150
150
150

150
150
150
150

3217
3217
3217

4830

6015
6015
6015
6015

6180
6180

5983

5950

5950

5950

5950

6085

6085

6085

6085

5375



B-28-08 12BAB

B-28-08 01CCC2

B-28-08 01CCC1

03 098-14.01X11.22

A-28-10 05BCC1

03 098-06.07X11.16

03 098-11.95X10.89

03 098-11.23X10.30

03 098-09.96X10.32

03 098-11.17X10.05
03 098-11.17X10.05

03 098-10.74X09.85

355002113051701

355010113053201

355010113053301

355014111295801

355016111213001

355018111212801

355030111274701

355100111270301

355101111253901

355112111265601
355112111265601

355125111262801

AZ014

AZ014

AZ014

USGS

USGS

USGS

USGS

USGS

USGS

USGS
USGS

USGS

uv

uv

uv

19680304

19680126

19640123

19530731

19630101

19631114
19631114

19580630

14

14

6.62

6.62

8.62
6.62

74

188

80

432

856

155
155

92

6322

6360

6360

4560

4220

4150

4475

4470

4420

4440
4440

4405



03 098-07.29X09.49

03 098-09.25X08.69

03 098-09.25X08.69

03 098-09.15X08.69

03 098-09.18X08.57

03 098-09.04X08.54

03 098-09.18X08.50
03 098-09.18X08.50

03 098-09.30X08.52
03 098-09.30X08.52

B-29-01 12DBD

A-30-06 32CC

A-30-02 25C

355147111224701

355226111245101

355226111245501

355227111244801

355232111244901

355234111243901

355236111244401
355236111244401

355236111245001
355236111245001

355430112202001

355610111464001

355710112074001

USGS

USGS

USGS

USGS

USGS

USGS

USGS
USGS

USGS
USGS

USGS

USGS

USGS

1979

195103

19490101

19621212

1958

19661004
19661004

19660909
19660909

1958

1968

1961

10

36

10
10

10
10

50

1012

1012

370

658

30

45
45

46
46

1080

1330

623

4150

4240

4245

4210

4160

4110
4110

4120
4120

5675

6220

6725



A-30-02 25B

B-30-01 28BAA

B-30-01 28AAA1

B-30-01 28AAA2

A-30-02 24CAA
A-30-02 24CAA

A-30-02 24ACC2
A-30-02 24ACC2

A-30-02 24ACCA1

A-30-02 24ACB

A-30-02 24BBB

A-30-02 24BBB

A-30-02 24BBB

A-30-02 08A2

355720112074001

355740112234001

355750112231001

355750112231002

355811112074501
355811112074501

355820112072001
355820112072001

355820112072101

355821112073701

355830112081001

355830112081001

355830112081001

355954112115401

USGS

USGS

USGS

USGS

AZ014
AZ014

USGS
USGS

USGS

AZ014

USGS

USGS

USGS

USGS

uv
uv

uv

<

1962

1960

1942

1943

19890501
19890501

1966
1966

1966

19660900
19660900
19660900

1968

10

1020

3108
3108

650

600

6650

5680

5715

5668

6578
6578

6585
6585

6585

6590

6550

6550

6550

6500



A-30-02 08A1

03 079-04.08X16.95

A-31-02 33ABB

B-32-04 24CDA1
B-32-04 24CDA1
B-32-04 24CDA1
B-32-04 24CDA1

B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2
B-32-04 24CDA2

355955112115401

360012111342501

360205112104601

360823112394801
360823112394801
360823112394801
360823112394801

360823112394802
360823112394802
360823112394802
360823112394802
360823112394802
360823112394802
360823112394802
360823112394802
360823112394802

B-33-04 22 UNSURYV. HAV/361352112413201

B-33-04 23BCC1

361356112411901

a O o O;

a o0 a0 o0 a0 o0 O,

USGS

USGS

USGS

USGS
USGS
USGS
USGS

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

USGS

USGS

< < < <

< <K < K < <K< < < <

1962

19630606

19951102
19951102
19951102
19951102

19960106
19960106
19960106
19960106
19960106
19960106
19960106
19960106
19960106

19890928

19751110

CcC C cCc C

T ©® U U U UV U TV T

10

10.5

10.75
7.75

12

412

3000
3000
3000
3000

3100
3100
3100
3100
3100
3100
3100
3100
3100

152

90

6500

5120

6675

5620
5620
5620
5620

5620
5620
5620
5620
5620
5620
5620
5620
5620

3195

3200



B-33-04 23BCC2 361356112411902 5 USGS \Y 19751119 6 S 90 3200
B-33-04 23BCC2 361356112411902 5 USGS Vv 19751119 4 90 3200
B-33-04 23BBB 361412112411901 5 USGS \Y H 3190
03 061-04.70X15.38 361637111350301 5 USGS \Y 19600829 u 8.62 X 1292 5480
03 061-04.70X15.38 361637111350301 5 USGS \Y 19600829 1292 5480

Spring data

[County code: 5, Coconino County; 25, Yavapai County.

Collecting Agency: AZ014, Arizona Department of Water Resources; AZ063, Northern Arizona University; AZ115, Havasuapi Tribe; UNLV, University of
Data quality: V, verified; UV, unverified.

Use of water: C, commercial: H, domestic; |, irrigation; P, public supply; R, recreation; S, stock; U, unused; Z, other.

Type of spring: B, perched contact; C, contact; F, fracture; J, artesian depression; P, perched; Q, perched fracture; R, perched seepage; S, seepage,filt
Permanence of spring: |, intermittent; P, perennial; S, seasonal.

Spring improvements: B, boxed basin; C, concrete basin; G, gallery; H, spring house; L, lined; N, none; P, pond; R, pipe; T, trough; Z, other.

Aquifer code: 111ALVM, alluvium; 112GLCL, glacial outwash; 120FCVC, felsic volcanic rocks; 120VLCC, volcanic rocks; 121VERD, Verde Formation; :

Site name Site identifier County code :ting agency Data quality Spring namese of watype of sprinence o improvef land sur
03 062-04.05X16.52 361535111492001.00 5 USGS v u F P N 2850
03 079-10.39X08.30 360745111411001.00 5 USGS v u F 3135
03 079-10.42X09.78 360629111411201.00 5 USGS v u F 3200
03 079-10.69X08.97 360710111412901.00 5 USGS v u F 3160



03 079-10.78X09.05
03 079-10.81X09.10
03 079-10.81X09.20
03 079-11.49X04.86
03 079-11.50X04.22
03 079-12.12X04.38
03 079-12.75X04.30
03 079-12.93X04.23
03 079-13.11X04.05
03 098-07.70X09.60
03 098-09.05X07.63
03 117-02.67X05.77
03 117-01.65X04.76
05 116-08.76X17.13
05 116-13.44X21.07
A-15-04 04ACA
A-15-05 11AAB
A-15-05 24ABA
A-15-05 24ABB
A-15-06 19ACA
A-15-06 31DBA
A-16-04 14CCC
A-16-04 15CCC
A-16-04 15DDD1

360707111413301.00
360703111413801.00
360700111413701.00
361048111421801.00
361119111422101.00
361112111430001.00
361113111434001.00
361119111435201.00
361129111440701.00
355142111234301.00
355326111243501.00
353954111174801.00
354051111164601.00
353322111111301.00
353012111142101.00
344337111553801.00
344251111470101.00
344105111460801.00
344104111460701.00
344052111450101.00
343856111450301.00
344634111540401.00
345403111550801.00
344638111541301.00

a o0 o0 o0 o0 g ;0 a0 o g g oo

N DN N DN DN N DN N DN
a o0 o0 o0 o0 g o0 0 O,

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
AZ014
AZ014
USGS
USGS
USGS
USGS

uv

uv

u

GC-9 u
3LUE SPRINC U
u

u

GC-18 u
GC-19,20,21 u
u

u

S

COTTONTAIL I
SEAVERHEAI S
S

ER CABIN SPRING

NTEZUMA W I
LOLO-MAI
PRING CREE
“REY RANC}H I

w X

m m M M

Zz2 Z2 Z2 Z

3160
3165
3165
3100
3400
2910
2950
2950
2975
4160
4200
4468
4458
4720
4560
3340
3630
3620

3600
3520
3575
3575



A-16-04 15DDD2
A-16-04 23BBA
A-16-04 23BBA
A-16-04 23BBA
A-16-04 23BBB
A-16-04 23BBC2
A-16-04 23DDC
A-16-04 27CBD
A-16-04 33BAB
A-16-04 34BBB
A-16-04 35ABC
A-16-05 12ADD
A-16-08 04CDB
A-16-08 09CBC
A-16-08 11CDA
A-16-08 16BAD
A-16-08 16BDA
A-17-02 03AAA
A-17-02 03ABB
A-17-03 05C UNSURV
A-17-03 05D UNSURV
A-17-03 17BBD
A-17-07 11ACC
A-17-08 08BCD

344635111541301.00
344627111540401.00
344627111540401.00
344627111540401.00
344627111540501.00
344625111540301.00
344542111531801.00
344501111550201.00
344448111555701.00
344443111551101.00
344438111533201.00
344752111455201.00
344757111304201.00
344705111304401.00
344704111282901.00
344643111303101.00
344633111310401.00
345316112073401.00
345327112081501.00
345300112042201.00
345255112035801.00
345129112041701.00
345210111371201.00
345205111342901.00

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
AZ014
AZ014
AZ014
AZ014
AZ014
USGS
USGS
USGS
USGS
USGS
USGS
AZ014

uv

uv

uv

uv

uv

uv

‘URTLE PON|
REE ROOT &
JBBLING POND
AGE SPRINC H
OLLY SPRING
PSHEAD CA I
ELLS CANYC I
JWER NEWELL
BELLROCK S
- BLACK SPRING
JRHAM SPRING
L DICK SPRING

1 DRUM SPRING

H
H
H
z

pring at Morrr

SUMMERS
-OW SYCAM
WOODS SPC
ISTOW SPRING

T C C Cc CcCc c

3590
3510
3510
3510
3525
35625
3500
3480
3440
3480
3390
4270

3660
3680
3670
3620
3540
6340



A-17-08 16DBA
A-17-08 21CAC
A-17-08 26CCC
A-17-09 11DCB
A-17-09 22DDB
A-17-10 19CAD
A-17-11 18AAC
A-18-01W18BBD
A-18-03 32A UNSURYV
A-18-06 08ACD
A-18-06 27CCA
A-18-06 27CCD
A-18-06N34BCA
A-18-08 13DAB
A-18-09 07CAD
A-18-09 34DBD
A-18-10 02CCB
A-18-10 02CDD
A-19-04 02CAA
A-19-04 36ACC
A-19-05 09AAD
A-19-05 09AAD
A-19-05 24CCC
A-19-05 25DDA

345107111325001.00
345009111331501.00
344905111312501.00
345152111243301.00
345007111252501.00
345014111223401.00
345130111154801.00
345644112193701.00
345410112034401.00
345739111450901.00
345439111433601.00
345436111433501.00
345414111433401.00
345628111293601.00
345713111285301.00
345342111252801.00
345800111184701.00
345757111182001.00
350316111564001.00
345900111552401.00
350248111514701.00
350248111514701.00
350026111493301.00
345937111483101.00

a o0 a0 o0 a0 o0 ;o g o g

AZ014
AZ014
AZ014
USGS
AZ014
USGS
USGS
USGS
USGS
USGS
USGS
USGS
AZ014
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

uv

uv

uv

uv

CKTOP SPRING
LEE SPRING
=AIN SPRING
MINT
INNY SPRING
SAWMILL
GRAPEVINE
<ING SPRINC
PARSON
BANJO BILL
JIAN GARDE
VIPSON PAS”

DOUBLE
DAIRY
IOWA CAMP
ANDERSON

DORSEY
3UNKER HILI

LOCKWOOD
BUZZARD
BARNEY

I T C »

nw O u u unun unu C

7630

7360
6860
4205
3760
5040
4560
4580

7185
7135
7390
6905
6890
6180
6360
6895
6895
6750
6740



A-19-06 15DDD1
A-19-06 15DDD1
A-19-06 15DDD1
A-19-06 15DDD2
A-19-06 15DDD3
A-19-06 27DCB

A-19-06 27EBCC

A-19-06 34WA UNSURV
A-19-06 34WC1 UNSURV
A-19-06 34WC2 UNSURV

A-19-08 08CAB
A-19-08 08CAB
A-19-08 10CDD
A-19-10 18CCA
A-20-02 02BAA
A-20-03 12BAA
A-20-04 03BCA
A-20-04 03BCD
A-20-04 03CDD
A-20-04 09ABB
A-20-04 10CAB
A-20-04 35AAB
A-20-04 35ABD
A-20-06 03BBD

350130111442201.00
350130111442201.00
350130111442201.00
350130111442301.00
350130111442101.00
345955111442301.00
350014111440201.00
345937111443701.00
345908111444501.00
345903111445001.00
350225111342701.00
350225111342701.00
350210111321001.00
350131111224901.00
350855112090701.00
350802112014001.00
350840111574901.00
350830111574501.00
350807111573401.00
350802111582801.00
350736111574301.00
350432111560501.00
350423111561901.00
350850111450501.00

o o0 a0 00 a0 ;0o g oo ol ol oo ol o

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
AZ014
USGS
AZ014
USGS
USGS
USGS
USGS
USGS
USGS
USGS

uv

uv

STERLING

STERLING

STERLING

CAVE

ASSY MEADOW
LOLAMI I
SHERWOOD H
IUMMINGBIR H

T C C O O O

HOXWORTH

NVMAN CANYON
ASHURST S

CKETT SPRING
WILLOW u
ER HULL SPRING
-OWERHULI H
RAILROAD S
POISON S
GRAY u
KELSEY S
BABESHOLE S
WOODY H

O m /W MmO

5760
5760
5760
5760
5760
5440
5465
5480
5300
5300
7015
7015
6940
7040

6495

6740
6705
6655
6695
6325
5915
7580



A-20-06 08CAB
A-20-06 11BCC
A-20-06 12DCC
A-20-06 13ACA
A-20-06 13CCC
A-20-06 13CCC
A-20-07 07AAC
A-20-08 32CCA
A-20-08 34CDB
A-20-08 34CDB
A-20-08 34CDB
A-20-09 30ADC
A-21-01 15BBD
A-21-02 05ACB
A-21-02 30CAC
A-21-02 30DAB
A-21-03 14DAB
A-21-03 23ACB
A-21-03 27ABC
A-21-03 27ABC
A-21-03 33BDD2
A-21-04 20BCA
A-21-04 32DAD
A-21-04 33CBC

350738111470701.00
350750111441101.00
350726111423801.00
350703111423101.00
350629111431301.00
350629111431301.00
350802111411701.00
350402111344401.00
350401111321601.00
350401111321601.00
350401111321601.00
350517111283801.00
351215112164301.00
351351112121101.00
351006112132601.00
351008112125301.00
351200112022201.00
351120112024001.00
351030112034101.00
351030112034101.00
350929112044801.00
351117111594801.00
350911111590101.00
350910111585301.00

o o0 o0 00 a0 ;00 ;o g oo oo oo oo

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
AZ014

\"

uv

ASPEN
GARDEN
LANDON

GRIFFITHS

LINDBERGH
BLACK
CLARK
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CLOVER
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EAST TWIN
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GARLAND
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7390
7280
6890
6865
6895
6895
6920
7005
6895
6895
6895
7070
6609
7165
6985
7060
6815
6820
6715
6715
5811
6720
6690



A-21-05 03BCC
A-21-05 10AAA
A-21-05 11ABC
A-21-05 11ABC
A-21-05 14DAA
A-21-05N10DDC
A-21-06 17ACA
A-21-06 20CDA
A-21-07 04BCA
A-21-07 04BDD
A-21-07 16CDB
A-22-04 08ABD
A-22-04 10BDA
A-22-04 24DAD
A-22-04 28ACB
A-22-05 08BCC
A-22-05 19CCC
A-22-06 12BDC
A-22-06 13CAC
A-22-06 14ACA
A-22-06 15DBC
A-22-06 18DCB
A-22-08 19ADD
A-22-08 31CAC

351354111513601.00
351320111503301.00
351313111495801.00
351313111495801.00
351201111493101.00
351324111504501.00
351218111463601.00
351057111465501.00
351406111394701.00
351358111393401.00
351153111393801.00
351820111591201.00
351812111572401.00
351608111544601.00
351537111582301.00
351815111534001.00
351604111544001.00
351823111424301.00
351714111425101.00
351736111432701.00
351710111444101.00
351657111474601.00
351637111344301.00
351438111352101.00

o o0 o0 o0 a0 ;0 a0 ;o g oo gl ol ol ool o

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
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KAUFMAN
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OAK SPRINCG
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7110
7090
7080
7080
7080
7085
7245
7315
7090
7075
7020
7295
7320
7220
6990
7425
7218
8610
7590
7670
7550
7555
7190
8200



A-23-04 17ABA
A-23-04 17ADB
A-23-05 01ABD
A-23-05 04DAB
A-23-05 04DAB
A-23-06 11DCC
A-23-06 14DBD
A-23-06 35ABA
A-23-06 35ABD
A-23-07 07ACD
A-23-07 27CCC
A-23-10 02AAA
A-24-05 23CCD
A-24-05 36CAB
A-24-06 15DCA
A-24-06 21DCC
A-24-10 08BBC
A-24-10 08BBC
A-25-10 30BBC
A-25-10 32BDB
A-25-10 32BDB
A-25-10 32BDB
A-25-10 32CCA
A-30-04 01 UNSURV

352248111591701.00
352236111591201.00
352437111484601.00
352418111514901.00
352418111514901.00
352306111434001.00
352228111432901.00
352024111432501.00
352017111432801.00
352334111412101.00
352030111385201.00
352500111172401.00
352638111502101.00
352513111490901.00
352732111443001.00
352633111454601.00
352913111213401.00
352913111213401.00
353118111223101.00
353021111211401.00
353021111211401.00
353021111211401.00
352956111212201.00
360232112004802.00

(62NN S BENNS) NS BRI ) RN G ) BN &) BRSNS BENN G ) BENG ) BENN &) BN ) IS BRSNS BN ¢ ) NG ) N ¢ BN G ) IS N &) BN ) BN 6 )

USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS

WEST ELK
EAST ELK
CRATER

NEWMAN

LITTLE

PAT
RASPBERRY
RHOTON
KENDRICK
FRERICHS
OWARD SEE
JURLEY SEE
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7190
7270
8120
8460
8460
8125
8280
8700
8665
8275
9680
5035
7610
8078
7595
7595
5000
5000
4880
4850
4850
4850
4910
5830



A-30-04 04 UNSURV

A-30-04 10 UNSURV

36,02.57N-112,00.81W

36,01.39N-112,00.79W

36,00.97N-112,00.37W

36,00.589'N-111,58.156'W

360100111582001.00

360128111591901.00

360025111571501.00

360232112004801.00

(62NN S BENNS) BN &) BRI ) RENNNG ) BN &) BENNNG ) NS )RR G ) BN G ) BN &) BRGNS )RR ) BENG ) BENN ¢) BRGNS BN G ) NG ) N &) BN ) BN 6 )

USGS
USGS
USGS
USNPS
UNLV
UNLV
UNLV
USGS
UNLV
UNLV
USNPS
UNLV
UNLV
USNPS
USGS
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
USNPS
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uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

MINERS R
ttonwood Spring

ttonwood Spring

Fk. Cottonwood Ck.

nwood west spring
nwood west spring

nwood west spring

devine Hell Spring
cevine Hell Spring
it Fork Grapevine
yevine East Spring
yevine East Spring
it Fork Grapevine
evine (east) spring
rapevine Spring
rapevine Spring
rapevine Spring
3oulder Spring
3oulder Spring
3oulder Spring
emataion Spring
emataion Spring

Miners Spr.

4780

3920

3710

4280
3760

3680

3600
4000

3520

3600

4300



36,04.73N-112,03.90W

36,04.27N-112,02.73W

36,04.24N-112,05.89W

A-31-01 01 UNSURV

36,04.323'N-112,06.061'W
36,04.323'N-112,06.061'W
36,04.323'N-112,06.061'W

36,04.60N-112,06.06W

A-31-02 09 UNSURV
A-31-02 11 UNSURV

360100111582001.00

360415112060601.00

360411112141701.00

360436112060401.00

360455112111001.00
360450112083601.00

(62NN S RENS) BN S, RENNNS) RS ) BN &) BRGNS BN ) BRNNG ) BRNN &) RENNG) NS BN ) BRGNS ) HENNG ) BN S NG ) NG ) BN ¢ ) NS ) BN 6 )

AZ063
USGS
UNLV
UNLV
UNLV
USNPS
UNLV
UNLV
UNLV
USGS
UNLV
UNLV
UNLV
UNLV
UNLV
USGS
USNPS
USNPS
USNPS
USGS
UNLV
UNLV
USGS
USGS

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv
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Miners Spring
Miner Spring
m Magee Spring
m Magee Spring
m Magee Spring

tree nr. Tonto Tr.

onetree Spring
onetree Spring
onetree Spring
Pipe Spring
Pipe Spring
Pipe Spring
Pipe Spring
Pipe Spring
Pipe Spring
BOUCHER
Burro
Burro
Burro
Burro Spring
Burro Spring
Burro Spring
NUMENT CR
HORN

R

4780
4000

3680

3701
3840

3200
3800
3800
3800
3722
3760

3000
3700



36,05.034'N-112,08.305'W 5 USNPS uv reek above Tonto Tr. 3600
36,05.034'N-112,08.305'W 5 USNPS uv reek above Tonto Tr. 3600
5 AZ063 uv Horn Creek
360450112083601.00 5 USGS v rn Creek Spring 3700
36,05.15N-112,08.66W 5 UNLV uv Horn Spring 3600
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
5 UNLV uv Horn Spring
A-31-02 12 UNSURV 360441112073202.00 5 USGS v 3780
A-31-02 13 UNSURV 360441112073201.00 5 USGS v °UMPHOUSE R F P z 3900



A-31-02 15 UNSURV

36,05.12N-112,05.71W

36,05.15N-112,08.66W

360439112094101.00
360439112094101.00

(62NN 4 BENNS) BN S BRI ) BENNNG ) BN &) BRGNS )RR ) BRNNG ) BRNN &) BRGNS ) BN ) BENNG ) BN &) BENNG ) BN S BN ) NG ) BN &) IS ) BN ¢ )

USGS
USGS
USNPS
USNPS
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV

UNLV

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

SALT CREEK R C P N 3731
alt Creek Spring 3731
k. Below Tonto Trail
k. Below Tonto Trail
Salt Spring 3760
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Salt Spring
Cedar Spring
Cedar Spring 3460



36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,05.572'N-112,10.552'W
36,04.394'N-112,10.480'W

36,04.94N-112,12.14W

360455112111001.00

(62BN S BENNS) BN S BRI ) BENNNG ) BRNN&) BRSNS )RR G) BN G ) BN &) BRGNS )RR ) BENG ) BENN ¢) HENNG ) BN S BN G ) NG ) N &) B¢ ) BN 6 )

UNLV
UNLV
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USGS
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

Cedar Spring
Cedar Spring
iment Ck. Nr.
iment Ck.
iment Ck.
iment Ck.
iment Ck.
iment Ck.
iment Ck.
iment Ck.

iment Ck.

Nr.
Nr.
Nr.
Nr.
Nr.
Nr.
Nr.
Nr.

River
River
River
River
River
River
River
River

River

ent Ck. @ Tonto Trail

onument Creek
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring
onument Spring

onument Spring

2500
2500
2500
2500
2500
2500
2500
2500
2500
3200
3729
3280



5 UNLV uv onument Spring

5 UNLV uv onument Spring

5 UNLV uv onument Spring

5 USNPS uv yrings of Monument Ck.

5 UNLV uv onument Spring

5 UNLV uv onument Spring

5 UNLV uv onument Spring

5 USNPS uv ent Ck. @ Monument
A-31-02 16 UNSURV 360455112111002.00 5 USGS v 4220
A-31-02 18 UNSURV 360417112130701.00 5 USGS v ERMIT CREE R C P N 2928
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,06.027'N-112,12.313'W 5 USNPS uv lermit nr. River 2400
36,04.512'N-112,12.482'W 5 USNPS uv it @ Tonto Tr. Xing 2920



36,04.512'N-112,12.482'W
36,04.512'N-112,12.482'W
36,04.512'N-112,12.482'W

36,04.30N-112,13.06W

9403043.00
360417112130701.00

(62BN S BENNS) BN &) BRI ) BENNNG ) BN &) BENNG) RS BENN ) BRGNS ) BRGNS )RR ) BENNG ) BN &) BENNG) BN S BN ) NG ) NN S NS ) BN 6 )

USNPS
USNPS
USNPS
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
UNLV
AZ063
USGS
USGS
UNLV
UNLV
USGS
UNLV

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

it @ Tonto Tr. Xing
it @ Tonto Tr. Xing
it @ Tonto Tr. Xing

Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring
Hermit Spring

< abv Tonto Trail crossing

Hermit Spring

mit Source Spring

mit Source Spring

Hawaii Spring
Hawaii Spring

2920
2920
2920

2920
2928
4320

3600



36,03.485'N-112,14.29W
36,03.98N-112,14.78W

36,30.57N-112,13.19W

36,16.495'N-112,05.161'W
36,16.495'N-112,05.161'W

360411112141701.00

(6, B4 BENNNS) BN &) BRI ) RENNNG ) BRNN &) BRSNS )RR G) BN G ) IR &) BRGNS ) BRNNNS ) BENNG ) BN &) HENNG ) BN S BN G ) NG ) N &) IS ) BN 6 )

UNLV
UNLV
USNPS
UNLV
UNLV

UNLV
UNLV
USGS

USNPS
USNPS
USNPNS
AZ063
USGS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS

uv
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uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

Hawaii Spring

Hawaii Spring

Jripping Spring

Jripping Spring

Jripping Spring

nta Maria Spring

nta Maria Spring

nta Maria Spring

nta Maria Spring

our Mile Spring

r. Tonto Tr./Campsites
r. Tonto Tr./Campsites
r. Tonto Tr./Campsites
3oucher Creek

Joucher Spring

ars Roost @ source

ars Roost @ source

>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm

5600
5600

5120

3200

8300
8300



USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USGS
AZ063
AZ063
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USNPS
USGS
USGS

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv
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>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
>h Ck. @ Elves Chasm
s Chasm (source)
Chasm (near mouth)
lle Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

ile Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

lle Ck. Below Falls

40 Mile Canyon

;anyon abv. mouth



36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W
36,20.319'N-112,40.170'W

A-31-02 18 UNSURV
A-31-03 14 UNSURV
A-31-03 15 UNSURV
A-31-03 17 UNSURV
A-31-03 18 UNSURV
A-31-03 25 UNSURV
A-31-04 32 UNSURV
A-31-04 32 UNSURV
B-17-02 11CDD
B-17-02 12CCA
B-17-02 12CDB
B-19-02 19BDD
B-19-03 26ADB
B-20-02 35BAA

362038112401900.00
360417112130702.00
360400112025001.00
360513112044001.00
360436112060401.00
360415112060601.00
360232112004801.00
360128111591502.00
360128111591501.00
345154112262701.00
345155112254801.00
345202112252301.00
350107112305601.00
350022112324001.00
350535112263601.00
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USNPS
USNPS
USNPS
USNPS
USNPS
AZ063
USGS
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USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
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uv

uv

uv

uv

uv
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uv

uv

Olo Spring
<atamiba nr.
<atamiba nr.
<atamiba nr.
<atamiba nr.
<atamiba nr.
<atamiba nr.

<atamiba nr.
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River
River
River
River
River

River
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itamiba abv.
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1920
1920
1920
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1920
1920
1920

3760
4320
3820
3722
3700
3600
3920
3920
4240
4240
4230
5580
5380
4990



B-28-08 32ADA

355032113064701.00
361250112411600.00

361256112411400.00

361303112411200.00
3614501124147.00

3615191124152.00

3615231124200.00
361524112420400.00

3615461124240.00
3616391124406.00
3614051124203.00
3614061124140.00
3614441124007.00
3614461124015.00
3613381124451.00
3613591124450.00

(62NN &) RENN ) NN &) BRI ) RENNNG ) BN &) BENNS ) BN S )RR G) BRNNS ) BRNN &) BRGNS ) BN ) NG BN &) HENNG ) BN S BN G ) NG ) BN &) BN ) BN 6 )

USGS
USGS
AZ115
USGS
AZ115
USGS
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
USGS
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
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\"

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

uv

ERPINESPF S C

rring (Ladder Spring)

Ladder Spring

'est Wall Spring

lavasu Springs

Is (main outlet, one of many)
anakaja Spring

1ear Manakaja Spring

enakma Spring

vasu Falls Spring

Spring at Havasu Falls
Fern Spring

spring near Fern Spring
Fern Spring

oney Falls Spring

atory Spring (upper)

atory Spring (lower)

Beaver Spring

h Canyon Spring

Greasy Spring

nouse Spring (upper)

house Spring (lower)

wyote Canyon Spring 1

wyote Canyon Spring 2

6595

3115

2760

2760

2670
2590
3200
3200
4030
4030
3880
3430



36,11.519'N-113,04.556'W

3614331124440.00
3612311124056.00
3611381123949.00
3611421123745.00
3612111124210.00
3610011124358.00
3612131123432.00
3602151123407.00
3604541123255.00
3604351123444.00
3556561123126.00
3557001123125.00
3620581123146.00
3619521123244.00

361518112523901.00
361518112523901.00
361518112523901.00
361518112523901.00
361518112523901.00
361518112523901.00
361310112580401.00
361310112580401.00

AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
AZ115
USNPS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USNPS

uv

uv
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uv
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Nindow Spring
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uithduuva Spring 2
aq Nonaa Spring

1ilt Biiwoo Spring

al Ck.in bdrx narrows
il Canyon abv. Mouth
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36,11.519'N-113,04.556'W
36,11.519'N-113,04.556'W

361148113045901.00
361148113045901.00
361148113045901.00
361148113045901.00
361148113045901.00
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n Springs @ River
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\rtesian Spring

\rtesian Spring

\rtesian Spring

\rtesian Spring

Honga Spring

Honga Spring

Honga Spring

lls Hollow Spring
Jeecher Spring

Jeecher Spring

Jeecher Spring
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1675
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1640
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1640
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B-33-04 11 UNSURV.
B-33-04 26 UNSURV.
B-33-04 26 UNSURV.
B-33-04 26 UNSURV.
B-33-04 26 UNSURV.
B-33-04 26 UNSURV.

B-36-06 24 UNSURV
B-36-06 24 UNSURV

361524112420400.00
361303112411200.00
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creation; S, stock; T, institutional; U, unused; Z, other.
‘een; W, walled; X, open hole.

lip meter; N, neutron; P, photo video; S, sonic; T, temperature; V, fluid velocity; Z, other.
ERD, Verde Formation; 230MNKP, Moenkopi Formation; 231SRMP, Shinarump Member of the Chinle Formation; 310 CC

vate vischarg 10p or 1ype Specitic
Water water e (gallons Date open of log Water conductance
level level per discharge Drawdown interval Method availa Aquifer temperature (uS/cm at 25
(feet) measured minute) measured (feet) (feet) constructed ble code (degrees C) C)
DR
DR
38 19691211 35 19691211 25 DR
13 19770316 111ALVM
39.5 19770316 15 1965 8 30 C DR 121VERD
39.8 19770316 25 19750818 35 40 DR 121VERD

40 121VERD
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30.2

96.2
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104.2
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64.97
65.15
65.21
64.35
61.85
53.02
60.1
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65.36
38.63
42.61
39.2
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19770329
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19590715
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30
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121VERD
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121VERD
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121VERD
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121VERD

17.5
17.5
17.5
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750
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39.4
35.2
44.5
37.3
39.6
43.2
41.25
30.7
29.33
31.76
31.44
29.06
33.8
31.4
39.2
47.3
38.8
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43.6
73.2
55.8
57.2
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19720307
19730405
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19770125
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19790228
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19850329
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17.5
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750
750



47.2
48.5

38.6

17.3

55.8

72.3
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86.5

90.5
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197306

197312

197406
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2
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70
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121VERD

121VERD
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588
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49.8
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19780202
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19860510

19910929

19921028

19931026

19971014

19780419

19711125

19780209

76
30 19860510 160
20 19720907 3 85
300

1.5 19780209

DR

DR

DR

DR

DR

DR

121VERD

121VERD

121VERD

121VERD

121VERD

121VERD

310SUPI
310SUPI

20.0

20.0

23.0
23.0
23.0
23.0
23.0

21.0
21.0
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54.6
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24.3
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44.7
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19770727

19780323

19770802
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80
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43
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32.8
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175

13
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121VERD
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5.2

65.7

13.9

15

17.98
18.48
17.52
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16.95
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32 19710925 310SUPI 20.0 500
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382.2 19740806 15 19770908 6.7 160 P NG 310SUPI 20.0 290
383.4 19740901 NN  310SUPI 20.0 290
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414 19710701 69 197107 8 20 P 310SUPI
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201
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506

19

DR

310SUPI

310SUPI

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

16.0

15.5
15.5
15.5
15.5
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439.9
441.4
441.4
440.3
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498.1 19740401
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494.5
494.4
488.7
484.5
487.9
496.8
498.2
498.7
498.5
498.5
496.4
481.3
499.7
502.2
501.7
488

19740701
19740801
19740901
19741001
19741101
19741201
19750101
19750201
19750227
19750301
19750401
19750501
19750601
19750701
19750801
19751001
19751101
19751201
19760122
19770125
19770802
19780131
19790228
19800115

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI



483.1
283.6
273.7
283.8
2671
283.4
282.6
279.7
283.5
283.2
283.5
284

497.3

459.5

200

470.5

125.3

19801230
19820421
19830401
19840131
19850329
19860109
19870403
19880511
19890503
19900418
19901105
19911128

19750422

19740418

19670113

19740418

19570521

118

90

70

19750422

19740418

19740418

1

500

207

500

DR

DR

DG

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

310SUPI

310SUPI

17.5

14.0

605

310



126.7
127.2
134.5
1255
1253
1294

535

478.3

16

575.1

366.4

568.4

26

19600304
19610616
19620419
19640103
19650120
19740208

19750928

19740313

19670113

19601215

19740508

19750422

19740717

1078

50

19750924

19750422

21

1

600
706

DR

DR

310SUPI

310SUPI

310SUPI

310SUPI

18.0

18.0

320

604

286

476



653

1780

395

182.9

61.2

220

19750226

19760930

19921026

19670113

19740823

19780412

75

700

140

505

19670113

92

CP
NG
NA

DR

DT

DG

MI

ET

NN

DR

DR

330RDLL
330RDLL
330RDLL

310SUPI

310SUPI

16.5
16.5
16.5

17.0
17.0

681
681
681

314
314

278



164.3

723

689

66

69.2

530

464

19920720

19750307

19680809

19770307

19750403

19700410

19740514

1060
26 19680809 540
180 19770307 196 110
22 19700410 530
1060

500

DR

DG
DR
FT

DG

DR

DR
NG

341MRTN
341MRTN
341MRTN

310SUPI

330RDLL

310SUPI

341MRTN
341MRTN

15.0

19.0

215

215
21.5

400

340

760

2000

2350
2350



41 19780413

560.2 19740313

746 19660701

472.6 19731010

733 19740319

—_

11

600

703

19780413
540
197607 207
108

NA
NN

DR

DR

Mi
NG

DR

341MRTN
341MRTN

120VLCC

310SUPI

310SUPI

330RDLL

341MRTN
341MRTN

215
21.5

20.0

20.0
20.0

19.5

16.5

19.5

2350
2350

550

705
705

520

460

526

520



101.3

101.3

101.3

97
100
99.7
99.2
99.7
994
101
101.4
102
102.1
102.4
102
98.8
105

19920206

19920206

19920206

19830215
19840124
19850121
19860206
19870209
19880127
19890112
19900118
19901106
19911029
19920206
19921028
19931026
19971013

377

209

20

DR

DR

DR

DR

18.5

400



160
159.9

107
106.9
118
102.8
97
100
99.7
99.2
99.7
99.4
101
101.4
102
102.1

917

930

19720901
19920206

19650101
19650121
197209
197503
19830215
19840124
19850121
19860206
19870209
19880127
19890112
19900118
19901106
19911029

19760522

19660426

10

19660426

969

DG

400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG
400GRCG

341MRTN
341MRTN



144

19720901

144.7 19720927
141.6 19920206

740

19770420

20

100

20

827

1713

104

DG

DR

DR

NG
MI

DR
DG

330RDLL

330RDLL

341MRTN
341MRTN



850 19690409

112.6 19920207

925.4 19740319

0

19691209

1071

178

1000

1051
1100

1098
1070
905

P

DR 341MRTN
DG 341MRTN

DR

DR 330RDLL

DR 341MRTN
341MRTN
341MRTN

DR
Mi
NG
CP
NN
OR

20.5

19.0
19.0

14.0

1020

430
430

694



70

139.8
137.5
136.6

329.2

2.1

19720301

19650201
19750301
19920207

19740822

19780424

50

51

90

OR

DR
19.0

MI

NG

NG 310SUPI
ET 310SUPI
EN  310SUPI
NN  310SUPI
OR 310SUPI
EE 310SUPI

350



2.7

155

1.5

800

36

15

231
230.7
230.5
227.8
2281

17

76

19780424

19730626

19780424

19581010

19690821

19720901

19650101
19650121
19720926
19750301
19920206

19701101

19720120

21
152
0
5 19690821 39
4 197209 18
80 197011 5 18
5 19720120 100

DR

DR

DR

DR

DR

DR

DR

DR

215

510

800



30 19660101 11.0 445

200 19620101 1.25 1962 Cc

200 19700101 C DR 24.0 730
C DR

30 19730713 21 19730713 14 Cc DR

140 19660527 35 19660527 0 20 Cc DR

676 19670531 9 19670531 0 480 Cc DR 330RDLL 19.0 1000

231 19650101 DR

2271 19650121
232.8 19650926
232.8 19720926
223.8 197503

178.8 19920207 34 C DR

1279 19650907 26 196509 58 540 Cc DR  310SUPI 13.5 175



14

332.1

19740624

19780201

688.4 19750307

760

19670602

20 19730719

12

50

29

10 19581010
10 19670602

1190

38 54

60

39

1233
1271
1300

DR

DR

DR

DR
NG
FT
CP
NN

310SUPI

341MRTN
341MRTN
341MRTN
341MRTN
341MRTN

330RDLL
330RDLL

13.5

16.0

17.0

16.5
16.5

175

415

815

665
665



630

200
211.9

20
17.9
15.5
15.9
15.7

709

119.4

138
138.1

19660721

19700901
19920207

19530101
19720928
19740110
19750301
19920204

19670602

19920204

19650201
19650219

92

17 196606 30 621
681
225
40
9 19670602 20

DR

DR

DR

DR

330RDLL

330RDLL

250
25.0

795
795

514
514
514
514
514

829



137.4
134.7

13.2

240

240
234.3
234.8

144
144.5
140.1
136.5

48.5

156
166.5
166.9

19720920
197503

19920204

19720901
19720920
19971114
19980209

19721101
19721128
19750301
19920204

19740710

19600601
19920204
19921030

241

57
246

DR

DR

DR

25.0
25.0
25.0
25.0

836
836
836
836



55

19731016

56.15 19731016

15
14.8
11.8
10.7

10.1

237

237
2354
2334

19720901
19720928
19750301
19920204

19920204

197209
19720901
19750325
19920206

68

65

DR
DG

15.0
15.0
15.0
15.0

915
915
915
915



14.8
11.8
12.3

141

713
712.6
714.6
711.2

713

706
707.8
708.2
7123

704

706

711
703.1

712
712.7
714.3

19720928
19750301
19920204

19730101

19771031
19780413
19800109
19810109
19820305
19830422
19840206
19850403
19860107
19870511
19880120
198901
19890601
19900315
19901108
19911029

55

187.5

197301

197808

74

11

10

132

904

DR

DR

DR

120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC
120VLCC



711
716.7

108.4
115

15
15.4
16.76
17.09
18.49
17.07
16.06
17.11
17.11
16.53
17.76
16.96
17.59
17.4
16.05
13.75
17.19
16.91

19931026
19971014

19670111
19780413

19521001
19521009
19531104
19541008
19550531
19551107
19560620
19561020
19561022
19570528
19571217
19590304
19600315
19610425
19620416
19630119
19630205
19640114

60

196506

DR

120VLCC
120VLCC

341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN

16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0

580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580



13.75
8.89
14.52
15.9
16.5
16.4
16.9
16.4
14.7
13.9
16
16.8
17
16.55
15.67
14.6
15.3
15.7
15.8
14.8
15.6
15.4
16.5
16.1

19650119
19660210
19670216
19690122
19700217
19710118
19720308
19720928
19730418
19740205
19750310
19760107
19770118
19780314
19790322
19800408
19810214
19811223
19830215
19840124
19850121
19860206
19870209
19880128

341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN
341MRTN

16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0

580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580



16.4
17.2
17.2
16.5
16.1

12.2

15

117.6
168
163.8
161.1
155.1
141.9
143.3
1245
133.6
114.9
123.7

19890111
19900118
19901106
19911029
19920204

19920204

19580101

19670111
19760122
19771102
19780118
19790301
19800109
19810102
19830422
19840206
19850403
19860107

94

1962

61.5

320

110

DR

DG

341MRTN
341MRTN
341MRTN
341MRTN
341MRTN

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

16.0
16.0
16.0
16.0
16.0

12.0

11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5

580
580
580
580
580

340

273
273
273
273
273
273
273
273
273
273
273



144.9
113.8
118.6
126.8
128.3
129.3
118.6
131.2

160

170

13
13.5
12.7
13.1

705
711.3
713.5
710.7

19870511
19880511
19890503
19900315
19901108
19911029
19931026
19971014

19741201

19760604

19721101
19721128
19750301
19920204

19770702
19770901
19771031
19800109

50

75

95

197412

19760604

19771031

92

59

7.93

174

187
247

1189

P

H

DR

DR

DR

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

111ALVM
111ALVM

310CCNN
310CCNN
310CCNN
310CCNN

11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5

13.0
13.0
13.0
13.0

273
273
273
273
273
273
273
273

232
232

240
240
240
240



706.9

400

212.2

98.45

101
113.8
1254
133.9
138.8
115.6
136.3
136.7
119.4
133.5
151.1
82.93
112.4

19810109

19740305

19780130

19650722

19650722
19670407
19670602
19670919
19671102
19680209
19680827
19680930
19690409
19700317
19710409
19730409
19750324

6

450

100

19740305

19650722

70.55

48

20

75

112
202

C

DR
DG

DR

310CCNN

310SUPI
310SUPI

111ALVM

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

13.0

10.0
10.0

10.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

240

998
998

214



157.6
138.1
119.7
142.8
138.9
156.4
129.8
67.76
69.42
73.4
73.5
65.6
70.4
74.3
65.8
74.1
83.8
74.1
84.9
75.8

159.4

19760122
19770125
19771031
19780118
19790301
19800109
19810102
19830422
19840206
19850403
19860107
19870511
19880511
19890503
19900315
19901106
19911029
19921026
19931026
19971014

19780130

26

19720226

150

DR

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0



149.8

140
161

213.7

250

70.7

8.25
16.5

493

420.6
421.2

19780130

19691024
19780130

19740417

19771201

19780130

19780130

19670111
19780130

19740619

19930406
19971017

5

196910

60

159
243

175
375

285

20

120
177

510

540

DR

DR

DR

DR

DR 420
420



732.8 19780130

70 19610901
941 19721129
84.8 19750301
84.5 19920204

29 19740724

440 19370801

168.7 19750312
165.9 19920203

21 19731114 0 771.49
1013.5
1223
1298.9

40

320

53

12 193708

40 19731016 50 295

C

DR 310CCNN
310CCNN
310CCNN
310CCNN

DR

DR

DR 341MRTN

DR

12.5
12.5
12.5
12.5

240

18.0

11.0

382
382
382
382

470

470

470

470

410

650

305

460
460



35

705

173.7
168.7

24
23.8
275

25.06

19
19.37
19.37

19780616

19780830

19670217

19750312
19920203

19721101
19721126
19750301
19920206

19530701
19530727
19530728

105

70

20

100

DR

DR

341MRTN

310SUPI

230MNKP

111ALVM
111ALVM

18.0

17.5

17.5
17.5

18.0
18.0
18.0
18.0

16.0

340

700

470
470

435
435
435
435

480



16.68
20.08
28.65
19.32
29.27
21.42
21.61
22.28
21.49
24.91
24.94
22.01
25.92
25.75
26.15
21.35
24.94
27.7

1294

1293

1294

23

19531102
19541008
19550531
19551107
19560620
19561022
19570528
19571217
19590304
19600315
19610425
19620416
19630205
19640116
19650119
19660210
19670216
19920206

19660516

19730410

19740312

19721101

H

DR

310SUPI
310SUPI
310SUPI



23
104
27.9
27.67

1277

6.6

64
63.6
66.2
2554
65.1
65.2
64.7
62.82
61.6
65.4

19721128
19740718
19750301
19920206

19670331

19750715
19940411

19721101
19721119
19740205
19740718
19760108
19770118
19780314
19790322
19800408
19810214

100

802
830
855

19750715

19740718
19820810
19850827

215.5

65
65
255

P

DR

DR

DR

310SUPI

310SUPI
310SUPI

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

345
345
345
345
345
345
345
345
345
345



63.5
61.3
594
59.5
60.5
59.8
60.1
59.8
60.9
62.4
62.6
59.8
61.2
57
62.5

484

1440
1309
1320
1416

19811223
19830215
19840124
19850112
19860206
19860209
19880128
19890111
19900118
19901106
19911029
19920206
19921028
19931026
19971014

19700901

19670719
19670831
19671211
19950605

48
15
15
50

19670719
19670831
19670831
19670918

25
25
25

1439

C

DR

AS
DG

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

310SUPI
310SUPI
310SUPI
310SUPI

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

15.0
15.0
15.0
15.0

345
345
345
345
345
345
345
345
345
345
345
345
345
345
345

475
475
475
475



159
158.6
166.3
153.8

104

830

830
826.9

819

41.7
14.8

151.8
128.9

19721101
19721124
19750301
19920203

19721101

19781027
19781127
19800520
19940407

19700903
19920204

19751128
19920203

51
51
51

19781029
19781127

0
0

190

120

905

150
253

C

DR

DR

DR

DR

DR

310CCNN
310CCNN
310CCNN
310CCNN

18.5

650
650
650
650

323



228.7

222.3

19.55
125
42.2

22.94

57
65.5
66.2
51.1

236.8

20
247
22.3

19920203

19920203

19530501
19740620
19750301
19920205

19621201
19721215
19750301
19920204

19920203

19570201
19920204
19921029

403

55
415

60

200

330

20

DR

DR

DR

DR



17.6
25.9

85
75.8
81.3
771
76.3
74.3
70.4
66.1
67.6
66.1

66
65.4

67
66.8
66.8
66.2
68.1
68.6
67.4
66.8
63.2

19931026
19971014

19720601
19740205
19750312
19760108
19770118
19780314
19810214
19830124
19830215
19840124
19850121
19860206
19870209
19880128
19890111
19900118
19901106
19911029
19920205
19921028
19931026

111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM



70.5

153.1

154.4

141.8
145

420
424 .4
365.7
366.9
365.6

86

86
116

91
52.8

19971014

19920517

19920525

19940405
199411

19760823
19770310
19890602
19940405
19950817

19721101
19721128
19740718
19811223
19920204

330

19920517

83.07

272

405

CP
NG
EE
FC
FT
OR

Ml
NG
NN
DG
NA
DR

111ALVM

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

17.0
17.0
17.0
17.0
17.0

525
525
525
525
525



31

32

32

69.1

29.3

55

83.6

73.4

54.4

19.5

25

27

19790915

19611001

19611028

19750301

19920204

19591001

19750301

19920204

19910204

19781027

19790730

19530701

180

150
190

467 19740619 32

70

70

301

1293 19850827

22.1

156
186

DR

DR

DR

DR

DR

DR

310CCNN

310KIBB
310KIBB

310KIBB

310KIBB
310KIBB

22.0
22.0
22.0
22.0

22.0

442
442
442
442

420



26.58
26.93
258
28.43
33.76
35.44
30.49
30.92
29.55
31.66
31.26
39.81
32.09
40.07
33.54
35.54
30.15
33.33
33.9

32

35

19530728
19531102
19541008
19550531
19551107
19560620
19561022
19570528
19571217
19590304
19600315
19610425
19620416
19640115
19650115
19650119
19660210
19670216
19920204

19530501

19530501

220
22.0
22.0
22.0
220
22.0
220
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0

420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420



31

30

273
273.4

273
285.3
273

411
407.6

50.8

50.8
5.9
13

19530501

19530501

19670201
19670206

19710401
19760108
19920203

19920106
19940405

19721128

19920118

19920119

19940405
199411

442

229

A

DR 310CCNN
310CCNN
310CCNN

310CCNN
310CCNN
310CCNN
310CCNN

500



44.08

605
545.3

53

193.4
205.7

134
86.7
47.6

90.6
98.5
95.6
94.9
90.4

19920204

19901029
19950817

19570101

19760108
19920204

19740728
19750301
19920205

19910830
199204
199206
199210
199303

338

85

360
1360

DR

DR
DG

DG

310CCNN
310CCNN

120SDMR
120SDMR

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

17.0
17.0

20.0
20.0
20.0

10.9
10.9
10.9
10.9
10.9

310
310

3800

340
340
340

635
635
635
635
635



91.8
659.5
243
250
209.2
191
225
187.6
285.5
230.7
219
250

180
219.6

170

126

1254

90

363

199306
19940405
199408
199502
199505
199508
199510
199602
199605
199606
199607
19960701

19901112
19940405

19920121

19940405

19950817

19670101

19670201

340

DR

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310CCNN
310CCNN

310CCNN
310CCNN
310CCNN

10.9
10.9
10.9
10.9
10.9
10.9
10.9
10.9
10.9
10.9
10.9
10.9

635
635
635
635
635
635
635
635
635
635
635
635



1164

109.2

450

925

953

931

1070
1073
1079
1082
1093
1096
1108
1111
1112
1119
1120
1121
1121
1123

19660929

19950413

19771207
19810902
198111
198211
198403
198405
198408
198410
198511
198601
198705
198708
198712
198903
198905
198908
198911
199004

2747

1107

A

DR
EE
AS

OR

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN



1125
1125
1124
1128
1130
1133
1135
1139

640

643.9

639.5

172
1271

791

581.7

632.2
655.3

199007
199011
199104
199106
199111
199206
199311
199408

19891205

19891211

19940405

19900821
19950413

19780330

19790307

19691008
19940414

1200

30

150 19780330

31.5

62 193902

55 19691009 34.6

DR

DR

DR

DR

DR

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310SUPI

310SUPI

310SUPI

310CCNN
310CCNN

310CCNN

310KIBB

10.6

379



120 19850612 15 19850615 60 265 A DR 310CCNN
272.8 19950413 310CCNN

33 19520701 100 C DR
23.8 19731210
43.3 19920205

150 19820906 12 19820914 50 310 A DR 310CCNN
320 19940121 340 A DR 310CCNN
330 19950607 310CCNN
640 19860830 122 19860911 261 675 R DR 310CCNN
697 198709 OV 310CCNN
690.2 19940407 310CCNN
720.4 19950411 310CCNN
718 199607 310CCNN
700 199611 310CCNN
698 19970324 310CCNN
260 19850411 700 DR 310CCNN
629.8 19780414 34 196508 20 626 C DR 310CCNN 11.5 385

628 199404 965 310CCNN 11.5 385



628.5

44
66.5

35
54.7

260

40
116
43.8

61
61.7
47.5
62.5

1125
1187
1173
990
992

618.6

19940414

19581001
19721210
19740620
19920205

19721111

19561001
19740620
19741210
19920205
19921029
19931026
19971014

197811
19781215
19790212

198109

198111

19920521

1065

50

50

365

20

826 19740620 72.2 0
235

421
1252

258

A

310CCNN

DR

DR  310KIBB

DR

OR 310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

DR 310CCNN

385



615.5
617.8

235

257
266
269.5
267
259.2
260
263.3
266
258
263
2671
2691
277
277
276.9
2871
283.7
310
311.9

19940405
19950817

19850411

19811228
1983
198302
198305
198308
198311
198402
198406
198411
198412
198502
198504
198507
198512
198601
198605
198611
198702
198708

750

198612

146

1150

700

600

DR

OR
DG
Mi
NG
CP

310CCNN
310CCNN

310CCNN

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0

488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488



314.6
313.3
313.5
315.7
426.6
420
446
449
388.8
385.4
400.6
392.5
385
400.6
389
384
384
381
381
394
386
398

662

198712
198802
198806
198809
199104
199105
199111
199203
199208
199209
199212
199302
199304
199308
199311
199402
19940405
199406
199407
199502
1996
199603

19741210

130

19780412

637

Cc

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

DR 310CCNN

11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0

12.0

488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488

390



664.8
689.9
694.3

462
379.2

275
287.6
279.4
288.6
289.6
289.3
2901
2944
294.5
2445

253

273

277

276

260
249.9
292.6

19780412
19940414
19950512

19900603
19950809

197512
197601
19760503
19770310
19770721
197708
197710
197808
197811
198103
198106
198109
198212
198302
198305
198308
198310

120

10

1000

19940414

19900604

19751202

40

182

968

662

DR
EE
NG
FT

310CCNN
310CCNN
310CCNN

310CCNN
310CCNN

12.0
12.0
12.0

390
390
390



283.2
272.8
277
277.5
273.7
283.2
287.4
284.4
302.5
291
2921
293.3
293
294.5
304
301
301.9
402
415.2
430
407.2
389.6
384.2
403.8

198405
198408
198410
198412
198502
198504
198512
198601
198605
198702
198705
198707
198711
198801
198806
198809
198810
199012
199104
199110
199202
199205
199208
199302



385.5 199305
405.8 199308

416 199312

394 199402

390 199406

383 199408

387 199411

402 199502

387 19950405

386 199505

380 199508

400 199602

398 199605

273 19780414 10 C DR 310CCNN

C

635 19850812 730 DR 310CCNN

562 19851210 DG 310CCNN



679 19870613 152 19870620 234 682 R DR 310CCNN

678 19870630 1050 310CCNN
683.8 19940407 310CCNN
717.5 19950411 310CCNN

700 199607 310CCNN

688 199611 310CCNN

686 19970324 310CCNN

DR

1097 19660909 C DG 310SUPI

83 19810714 89 A DR 310KIBB

82.2 19940407 310KIBB

334 197208 701 19750403 342.3 800 H CP 310CCNN 11.2 250
333 19720805 Ml 310CCNN 11.2 250
334.9 19730220 FT 310CCNN 11.2 250
301.6 197401 NA 310CCNN 1.2 250
329 197503 OR 310CCNN 11.2 250
361 197511 310CCNN 11.2 250
350.3 197601 310CCNN 11.2 250
341.3 197702 310CCNN 1.2 250

3569.9 197707 310CCNN 11.2 250



371.9
650.1
375
364
360
353
292.7
314
337
322
321
329.5
313
304.6
320
318.9
319.5
328
324.9
321.6
327.2
341.6
338
364

197708
19780118
197805
197808
197811
197901
198103
198109
198201
198208
198211
198302
198305
198308
198402
198405
198408
198412
198505
198508
198512
198603
198605
198612

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

1.2
11.2
11.2
11.2
1.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
1.2
11.2
11.2
11.2
11.2
11.2

250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250



339.5
351.7
343.6
348.3
347.6
361.1
350.3
405
4443
423.4
407.8
397.7
408.5
434.2
405.8
383
386.2
376
405
400
417
379
373
392

198702
198705
198707
198711
198802
198804
198808
198912
199103
199202
199205
199207
199209
199212
199302
199305
199308
199311
199408
199411
199502
199505
199508
199512

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

1.2
11.2
11.2
11.2
1.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
1.2
11.2
11.2
11.2
11.2
11.2

250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250



386

703
752.5
752
722
708

865
863
833
875

52
214.6

527.4
516

620

432.4

449
448.2

199602

19870923
19950411
199604
199607
19970324

19870802
19870830
199607
199611

19710201
19760108

19780414
19970723

19920428

19650414

197005
19710405

200
220

90

33

35

600

19871012
19871019

19870831

19780414

19920602

19750307

273
274

245

20

430.5

700
1125

885
1265

555

560

569

C

A

H

DR

DR
OR

DR

DR

DR

310CCNN

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310SUPI
310SUPI
310SUPI
310SUPI

310CCNN
310CCNN

310CCNN

310SUPI

310SUPI
310SUPI

12.6
12.6
12.6
12.6
12.6

11.0
11.0

11.0
11.0
11.0

250

395
395
395
395
395

400
400

610
610
610



448.2
480.4
463.2
463.2
474
506
480.9
488
483
832.4
510.3
508.6
506.2
503.5
512
486.5
479.9
490
497
496
497
490
495
487.8

197204
19730220
197401
19740306
197503
197601
197702
197706
19770725
19780118
197805
197808
197811
19790104
19800101
19801109
198103
198201
198208
198211
19821215
19830113
19830217
198304

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0

610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610



507
498
508.1
504.8
498.5
507.8
498
510
516
540.8
514
505.9
477.4
475
474.5
476
481.4
476.5
473.8
484.6
483.2
476
896
541

198308
198311
19840314
19840326
198405
198408
19850218
198504
198508
19860116
198602
198605
198612
19870127
198702
198705
198709
198711
19871223
19880223
19880308
19880428
19890414
19890419

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0

610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610



907
574.3
580
571.2
556
549
552.1
544.6
550.3
542
526
550
540

587
587.4

583
606.6
597.9
587.5
581.6
575.8
579.5
580.5

19900419
199209
199212
199302
199311
199402

19940405
199406
199408
199411
199502
199602
199605

19621010
19630204
196403
19650206
19650604
19670219
19671102
19680209
19681016
19690422

500
300
500
300

19630203
19640908
19930203
19961018

276
75.5
276
267

790
816
829
858

DR

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0

18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

610
610
610
610
610
610
610
610
610
610
610
610
610

411
411
411
411
411
411
411
411
411
411



573.8
575.8
581
581.8
583.4
588.7
591
571.7
571.7
576.1
576.3
576.1
577
578.9
581
582.8
591
592.5
585
592.5
594.1
600.4
599.8
596.8

19700413
19710405
197111
19720125
197202
197208
19730220
197401
19740306
197412
19750228
19750324
197505
197508
197511
19760114
197606
197608
19770202
19771117
19780125
197811
19790104
197911

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411



598.5
569
565.7
571.3
573
571.4
568.8
562.9
556.2
5567.7
556.6
5562.4
556.5
554.5
565
564
563
563.5
572.6
565.8
567.8
579
581.1
586.4

19800101
19810305
19810401
19820401
19830113
198305
198308
198311
198402
19840306
198404
198407
19841220
198501
198505
198508
19860116
198602
198612
19870225
198707
198711
19880223
198811

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411



587.8
591.8
593.3
596
599.8
601.8
601.8
604.5
607
603.1
612.5
616.8
611.4
615.7
619.3
625.5
626.5
621.1
619.2
618.8
615.2
611.2
604.3
601.6

19881213
198903
198905
198908
198911
199001

19900329
199006
199008

19901106
199103
199109

19911029
199209

19921029
199211
199301
199303
199306

19931027
199311

19940405
199406
199408

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411



599
603.2
593.5

597
586.9

583
599.6

754.8
760.4
759.4
762.1
761.6
761
758.2
759.7
760
759.6
759.6
759.6
760.8
762.8
759.3
759.2

199411
19941102
199509
19951101
199602
199607
19961030

196506
19651118
197111
197202
197205
197208
19730220
197502
197503
197505
197508
197511
197603
197607
19771117
19780125

175
167
167

19660310
19660329
19651118

90.4
211
211

715

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

18.0
18.0
18.0
18.0
18.0
18.0
18.0

411
411
411
411
411
411
411



764
760
763
762.1
763
763
763
762
760.1
761.3
761.8
759.9
761.2
760.7
760.1
760.5
761
760.1
760.5
759.5
760.4
754.3
749.8
752.1

197811
198109
198201
198205
198211
198301
198308
198311
198402
198505
198602
198702
198707
198711
198905
198908
198912
199001
199006
199103
199109
199303
199311
19940405



748.7

749.3

748.5
743
754
747
742

259.3

982
972
972
973
972
973
972
972
972
972
972
970

199406
199408
199410
199411
199509
199602
199606

19920205

19851107
199402
19940419
199405
199408
199411
199502
199506
199508
199511
199602
199608

677

19860901

471

1220

DR

DR 310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6

212
212
212
212
212
212
212
212
212
212
212
212



910

949

910

1103

223.6

146
146
142.9

1099
1106

19820714

19600607

19670218

19970818

19920205

19731101
19731114
19920205

19780421
199402

1297

745

491 19980612 249 800

942 19780421 308 1105
1122

C

DR

DR

DR

DG
oV
ov

DR

310CCNN
310CCNN
310CCNN
310CCNN

310SUPI

310CCNN

310CCNN
310CCNN
310CCNN

310CCNN
310CCNN

14.5

20.0

375

600



1106
1121
1110
1107
1106

1063

941

821

900

900

895
817.8
816.3

19940419
199408
199502
199506
199602

19921019

19850521

19780711

19650629

19870911
199505
19961023
19961105

10

40

40

19930525
19850521 50
19851005

128
19650929 10
19870912 20 1060

DR

DR
EE
EN
AS

DR

DR

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310CCNN

310CCNN
310CCNN

310CCNN
310CCNN
310CCNN
310CCNN

310SUPI
310SUPI
310SUPI
310SUPI

17.5

1080
1080
1080
1080

1650



816.3
814.8
815.2
814.1

829
950
836.2
830.3
822.6
821.2
820.6
819.1
819.2
818.1
826.7
824.6
828.2
827.4
827.4
827.4
827
827.1
827

19961112
19961113
19961114
19961115

19951027
19951031
19951101
19951108
19961023
19961105
19961111
19961112
19961113
19961115
19961120
19961219
19970807
19980115
19980311
19980619
19981002
19981112
19990217

40

NG
FT
CP
EE

310SUPI
310SUPI
310SUPI
310SUPI

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI



827
826.9
826.2

826
826.1
824.9
824.6
825.7
824.6
824.6
824.2

1139

809
1094
1132
1124
1121

19990712
19990928
20000308
20000628
20000918
20001212
20010223
20010523
20010823
20011026
20020114

19960402

19671124
19680328
198705
199403
19940419

295

500
500
500

19960402

19680326
19680327

222.92

848

1300

1100

R

C

CcP
EE
NG
AS
FT
OR

DR

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

12.8
12.8
12.8
12.8
12.8

199
199
199
199
199



1121
1130
1135
1132
1147

897.6
927
918.5
922.4
923.8
924 .4
925.3
925.9
926.2
926.8
927.9
928.1
928
928.4
928.6
926.3
927.8
928.3

199405
199503
199511
199602
199608

19961031
19961111
19961212
19970807
19980115
19980311
19980619
19981002
19981112
19990217
19990712
19990928
20000308
20000628
20000918
20001212
20010223
20010523

150

19961118

669

988

NG
CcP
EE
EE
AS
EE
EE
FT
DG
FV

310CCNN
310CCNN
310CCNN
310CCNN
310CCNN

310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
310SUPI
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294 20.8 915
9 11 373

7.28 ce, nuts, radchem, and isotopes

7.81

7.65

8.05
8.27 ce, nuts, radchem, and isotopes

Site is 1-3 miles above the Tonto Trail

7.52



0
0.54
0.04
0.04
0.04
0.58
0.04
0.54
0.27
4.04

gaged
gaged
gaged
gaged
gaged
3.14
unkn
unkn
1.82
3.14
0.81
1.3
52
1.02

19981002
20000524
19941114
19950603
19950719
19970101
19941113
19950603
19950718
20000522
19940111
19940429
19941114
19950604
19950619
20000526

20000524
20000522

374BGAG

374BGAG

374BGAG
374MUAV

374TPTS

374TPTS

330RDLL
374MUAV

374BGAG

32.2

12

33.2
3.2
13
9.2

39.5

37.7

17

25

19
33.2

15.8

9.5

22.1

16
11.5
16.6
226
18.8
10.4
12.5

18
15.3

18

402

1274

614
470
567
620
671
637
476
570
510
714
584

533
702

8.75

7.83

7.77

7.14
8.04

7.29

7.54
7.9

8.27

ce, nuts, radchem, and isotopes

ce, nuts, radchem, and isotopes

ce, nuts, radchem, and isotopes



unkn
unkn
0.9
0.9
10.77
10.32
7.63
4.49
1.8
4.49
4.04
5.83
3.14
4.04
5.39
4.04
5.39
3.59
0.4
0.04
0.04
0.04

0.42

19940330 22
19950717 374BGAG 32
19990426 374MUAV
20000522 374BGAG 32.5
19830300

19830400

19830521

19830625 374BGAG
19830700

19830800

19830900

19831000 3GAG/374TPTS
19831100 374MUAV
19831200

19840100 374TPTS
19840200 330RDLL
19840300

19840400

19950319

19950605 NUAV/374BGAG
19950719 374MUAV
19951126

20000522 330RDLL

14
23.7

17.9

16.1
17.2

3.59
0.04
0.04
0.04
0.03

16.8

930 8
1101 8.2
668 8.17 ce, nuts, radchem, and isotopes

Measure and sample 200' upstream of Tonto Trail

1180 8.19
1150 7.97
420



0.56
0.45
unkn
unkn
4.94
4.49
4.04
3.14
1.35
1.8
0.9
1.35
0.9
1.8
2.24
0.9
0.9
0.9
0.04
0.04
0.04
0.04

0.13

20000523 374BGAG
20000523 M1UAV/374B
19940330
19950717
19830300
19830400
19830521
19830625
19830700
19830800
19830900
19831000
19831100
19831200
19840100
19840200
19840300
19840400
19950319
19950319
19950720
19951126

19950318

31.2

20

7.1
18.7
15

16.1
17.2

638
706 8.46 ce, nuts, radchem, and isotopes
873 7.65 BA 028

BA 028

Measure and sampled at the Tonto trail crossing

1510 8.23
1490 8.26

Measured and sampled at the Tonto Trail Crossing



0.13
35.9
40.39
5.39
33.66
8.98
7.18
8.98
unkn
unkn
47.57
53.86
197.5
166.1
116.7
98.74
49.37
85.27
44.88
67.32
67.32
89.76
98.74

19950720
19951126
19920614
19921015
19930701
19941011
19950618
19950802
19951018
19961008
19971015
19940331
20000524
19830300
19830400
19830521
19830600
19830700
19830800
19830900
19831015
19831100
19831200
19840100

374BGAG

28
20
33
26
34
41
25
24
18
28
33

24
22
31
24
27
31

19.5
22

18.87
16
20

15.6

16.7

1939
2220
672
2060
2010
2330

1935

1665

1147
818

1470

1380

8.34
6.25
8.2
8.17
9.3
7.93
7.54
7.19
7.9
7.49
7.86

8.24

7.93

ded for Q measurement
BA 046

ce, nuts, radchem, and isotopes

Measured and sampled near the Tonto Trail Crossing



62.83 19840200
80.78 19840300
89.76 19840400
unkn 19950716 33 215 1633 8.1
0.27 19950318 ALVM/374TPTS
0.81 19950720 374BGAG
1.3 19961125

22.44 19981013 23 19.5 , recommend all future Q measurements be taken here (between two pourovers, monumen
17.1 452
358 20000525 17.6 487
206.5 19920614 29 24 356 8.76
343.8 19921015 22 17 445 8.6
307 19930701 40 30 924 8.8
544 19931008 23 19 965 8.83
342.9 19940215 4 6 871 8.62
966.7 19940507 22 19 880 8.15
135.1 19940704 36 29 816 8.6
238.3 19941011 25 19.5 697 8.64
175 19950618 22.6 893 8.16
86.17 19950802 38 28.6 890 8.88
282.3 19951018 26 22 7.1
269.3 19961008 31 21 896 8.26
unkn 19971015 21 17.34 861 8.46 -ates sampled by state

unkn 19920614



unkn 19920614
462.3 19940331 330RDLL 20 15 390 7.97
314.2 19940609 32 26 400 8.72
565.5 19820300
511.6 19830400
444.3 19830500 16.1 574 8.48
345.6 19830600
462.3 19830700
390.5 19830800
363.5 19830900
332.1 19831014 16.1 499 7.82
341.1 19831100
359 19831200
318.7 19840100
323.1 19840200
327.6 19840300
323.1 19840400
113 19980822

359 20000525 27.3 18 410 8.15 ce, nuts, radchem, and isotopes
0.81 19950318
0.04 19950721 AUAV/374BGAG
330RDLL
0.81 19950318



0.81
0.81
unkn
0.27
0.18

0.27
0.13
1to02

103.2
21.09
62.83
28
3.14
31.42
unkn
56.1
unkn
13.23
13.23
188.5
44.88
251.3

19950721
19951121 374MUAV
19940313
19960317
19950722
310CCNN
19950317
19950722
20001203

17

310SUPIU/esplanade

19940609

19961009 310SUPI
19971016

19980811

20000526
19921010
19940522
19980707 NUAV/374B
19931117
19940520
19940520
19920617
19921017
19930702

20
21
18

28

23

10
18
18
30
20
41

15

21
17.5
15.39

18.8

4.9

10.5
10.5
17
15
20.5

342

7.56

site # BA 030

New 3/4" pipe and trough added to spring at rest stop

720
707
649

476
349
214
311
306
219
219
660
775
733

7.69
8.11
8.29

8.58
8.51
9.38

8.1
7.87
7.87
8.51

8.5
8.72

1" flume

1" flume

ce, nuts, radchem, and isotopes



32.31
233.3
329.9
219.9
83.48
308.3
62.38
unkn

197.5

24
44.88
67.32
89.76
44.88
44.88
7.18
9.87
3.59
8.12
21.59

19931009
19940216
19940508
19940705
19941013
19950619
19950803
19951019
19960623

19980811
19980813
19920609
19921010
19930628
19931003
19940504
19950616
19951014
19960618
19971010
19981008

18
11
20
43
23

34
24

22
18
33
19
19
16
13
32
17
16

16.5
9.5
14.5
20.5
16
19.5
228
15.5
19.3

17
14.2
21.7

16
15
11
14
19.4
15.43
15.46

793
800
789
792
710
780
775
707
729

422
427

363
414
412
380

428
420

7.9

8.5
6.69
8.29
8.99
8.15
8.71
8.11

8.45
8.63
8.67
8.8
8.32
8.36
7.9
8.2
8.3

sampled near mouth by state

1" flume
1" flume
1" flume

1" Flume



25
179.5
2244
175.9
280.1
215.4
36.35
39.94

39

3.07
4.04
0.16

0.79

0.04

19980815
19920618
19921021
19930704
19931013
19940509
19950805
19951022
19980816

20000522
20000522
20000525

20000525

19770502

20010419

374BGAG
374BGAG
330RDLL

330RDLL

24
18
36
18
22
27
16

19
18.3
26
17.5
17
25
14.5

18.2
1.7

11
13
9.2
11.5
17.2
28
20.5

10.5
12
20.6

1333
1380
1363
1360
1424
1258

440
660
531
536
554
730
421
880
454
654

511
655
159

8.3

8.2
8.47
7.35
7.31
8.66
8.28



7.6
1.6
3.5
503

669

7.5
1.2

300-50C

3.3

3.5

5t0 10

300-40C

20

10

seep

0.75

19950329
19950901
19981012
19950901

19950901
19981006
19981006

19981006
19981006

19950901

19981011
19981011

19981007
19981007
19981008
19981008
19981008
19981008

120ALVM

310SUPIL
310SUPIM
330RDLL

330RDLL
330RDLL

330RDLL
330RDLL

3300RDLL

330RDLL
330RDLL

310SUPIM
310SUPIL
310SUPIL
310SUPIL
310SUPIU
310SUPIM

30.5

30

23.5

28

23

215

215

21
17.5

19

21

19

18
22

23

15.5

2190
1770
2050

1034

1230
1745

840

910

934

960

1050

1050

3000

1210
2400

7.6

6.71
6.9
7.9

7.8
7.3

7.1

7.4

8.2

8.3
7.9



2to4
<1
seep
2.5
seep
0.15
).110 0.

seep

).2to0 0.
).4 to 0.

245
125.7
179.5
80.78
130.2
67.32
85.27

7.2

8.98

unkn

19981009
19981007
19981010
19981010
19981012
19981012
19981012
19981012
19981012
19991029

19991029
19991023

19980913
19901004
19930422
19930701
19931008
19950106
19950527
19931009
19950106
19920619

310SUPIL
310SUPIM
310SUPIM
310SUPIU
310SUPIM
310CCNN
310CCNN
310SUPIU
310KIBB

330RDLL
330RDLL
330RDLL
330RDLL
330RDLL
330RDLL
330RDLL
330RDLL

24
11

21.5
8

18.5

15.5

24 22.84
22
21 15
36.8 26.7
18

6.5 7.5
26.5 20
17.8 19
6.5 9.5
30 25

2400
510
760

>2000
1410
1380
2600

1,500

1,670
1,120

2350
1940
1,953
2,060
1,490
1,870

2,200
2,330
1385

8.1
8.5
8.8

7.6
7.7
8.2
8.9

8.2

8.3
8.2

s be measured here. About a foot upstream of first (?) pourover.
8.05
8.1

7.86
8.19

8.1
8.02
6.71



unkn
48.47
216.3
unkn
unkn
unkn
unkn

1122

287.2
125.7
109
197
160
217
1.3
3.64
0.78

46.7
90.2
90

19921022
19930705
19931014
19940709
19941019
19950624
19951023
19900411
19910602
19910714
19920123
19931010
19950107
19901107
19930702
19931011
19950528
19930702
19931010
19950528

19930702
19931011
19950528

374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
374MUAV
310SUPIU
310SUPIU
310SUPIU
330RDLL
374MUAV
374MUAV
374MUAV

19
41
17
36
13
30

19
30
8.5
26.5
10
15.5
36
19.9
22
29
17.9
18

35.8
20.8
25

25
26
245
26
235
25
255
25
255
255
238
25.8
24
255
252
253
255
20.5
15.5
20.5

26.5
24.4
24

1400
1390
1440
1429
1441
1428

1,405
1,265
1,500
1,480
1,447
1,360
1,400
1,460
1,456

6.73
7.45
7.09
7.18
7.18
7.19

7.2

7.35
7.1
7.46
7.31

ultiple other outlets US and at and below the river, UTM.

at 3 other outlets: 5,000, 1,440, and 1,380.

ultiple other outlets US and at and below the river, UTM.

ultiple other outlets US and at and below the river, UTM.

formula based on diameter or opening and head.

formula based on diameter or opening and head.

6.58

:d on diameter or opening and head.

from pipe formula based on diameter or opening and head.

1,970
2,040

674
681

8.34

vel, only partly measures, rest of flow below water level.

7.03

its where water comes up out of ground.

v only, many other points where water comes up out of ground.



8 19940824 20.2 934

26615 19510617 21.2 1028
26705 19650807 212 1028
27825 19921113 21.2 1028
28500 19940823 212 1028
27870 19501020 21.2 1028
85 19950527 7.5 1870
130.5 19931008 330RDLL 7.5 1870
19 6350

10.5 805

10.5 425



’NN, Coconino Sandstone; 310KIBB, Kaibab Formation; 310SCBH, Schnebly Hill Formation; 310SUPI, Supai Formation .










































































































































































































